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SOYBEAN OIL MEAL FOR PIGS 
W. L. ROBISON 
Experiments with soybean oil meal as a protein concentrate for 
growing and fattening pigs have been carried on by the author since 
1916. It was not until about this time that soybean oil meal became 
available commercially in sufficient quantities to indicate a possibility 
of it becoming a feed of considerable economic importance. 
Soybeans also were studied (18) as a high-protein feed for pigs. 
If they had proved satisfactory hogs could have been produced success-
fully on feeds grown on the farm and without the necessity of purchas-
ing any feed for them other than a relatively small quantity of minerals. 
Soybeans were introduced into the United States as early as 1804. 
As long as they were used primarily for forage, only limited acreages 
were produced. They have only recently become a crop of major im-
portance or of great economic value. The finding of ways of utilizing 
the beans, or rather the product derived from them, as a satisfactory 
and effective protein concentrate for livestock was largely responsible 
for the tremendous increase in the production of soybeans that took 
place in the two decades from 1929 to 1948. 
Like the grains, soybeans are low in minerals. Adding minerals 
to the ration was beneficial both for pigs in dry lot and for pigs on 
pasture. High quality alfalfa or other leguminous hay may be thought 
of as something of a substitute for pasture. Regardless of the protein 
concentrate used, from 4 to 5 percent of such hay was beneficial fm 
growing and fattening pigs that were not on pasture. 
With minerals included in the ration when the pigs were on pasture, 
or minerals and alfalfa when they were not, soybeans were still an 
unsatisfactory protein concentrate, especially for young pigs. Soybeans 
were not as poor for well-grown shotes as they were £01 young pigs, nor 
for pigs on pasture as they were for those in dry lot. 
From the standpoint of production, cooking soybeans changed 
them into an excellent protein supplement to corn and minerals fm 
pigs on pasture, or to corn, minerals, and ground alfalfa for pigs in dry 
lot. From the standpoint of the resulting product, however, neither raw 
nor cooked soybeans are suitable for pigs intended for slaughler. Be-
cause of the oil they contain, if soybeans are fed with corn and make 
up much over 5 percent of the ration there is danger of them producing 
soft pork. Since a large share of the oil is removed in the manufacturing 
process, soybean oil meal is free from this objection. 
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Figme I.-Annual production oi Iimeed, cotton~eed, ~nd soybean oil meal and of 
tankage, meat •crap> and fi&h ;craps or meal in the United State-,, Ba&ed on 
data from the Bureau ol Agricultural Economics, USDA. 
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Sovbean oil meal i~ oi iurther intere~t to ~wine men became it i~ 
now p;.oduced in greater abundance than is any other protein concen-
trate and, a~ a con~equencc, i~ commonly one oi the more economical 
wurces ol protein. Figure I illustrate~ graphically the approximate 
annual production o1 so7bean oil meal in the United States since 1922. 
For comparison, the approximate amounts of (l) cottonseed meal, (:!) ol 
linseed meal, and (3) ot tankage, meat scraps, and fish meal combined 
produced annually are abo shown. 
A large production oi ~oybeans has the advantage to swine pro-
ducers of increa~ing the tonnage oi protein concentutes available but 
the disadvantage of increasing the output ol oil or a competitive 
product. Oil mills prefer high-oil varieties ol soybeans. whereas low-oil 
varieties would be advantageous to swine producers. Markley (12) gives 
the maximum, average, and minimum iat content of soybeans as 24.2, 
18.0, and 13.5 percent, respectively. Assuming a crush of 171,727,333 
bushels of soybeans a year, which was the three-year average lrom 
1946-1948, a loss ol 3.3 percent in weight in milling, and a meal 
averaging 3.5 percent in fat, soybeans containing 18 percent ot fat 
would produce 1,497,124,231 pounds oi oil, whereas beans containing 
2-1.2, and 13.5 percent of oil would produce 640,149,G70 pounds more 
and 464,624,760 pounds less oil per year, respectively. Based on a 
populations oJ: 151 million, this would be 4.24 pounds more and 3.08 
pounds less per capita, respectively. A considerable portion of the 
soybean oil produced is used in vegetable shortening. which competes 
directly with lard and depresses the price of hogs. 
Experiments (1) in which soybean oil meal and 5oybeans were 
compared, (2) in which soybean oil meab made in different ways were 
wmpared, (3) in which various materiab for and methods o[ improving 
a ration of yellow corn, soybean oil meal, ground alfalJ:a, minerals, 
and irradiated yeast for pigs in dry lot were tried, and (4) in which 
soybean oil meal and other protein concentrates W('re compared are 
herein reported. 
The prices used in computing the relative cost of leed per 100 
pounds of gain in the -various experiments are given in Table l. 
SOYBEANS UNSATISFACTORY 
Nine experiments in which soybean oil meal wa& compared with 
raw soybeans as a high-protein feed for pigs in dry lot are summariled 
in Part A of Table 2. Approximately 4 percent of ground alfalfa was 
included in the rations in two of the nine experiments. The pigs fed 
the soybean oil meal required 14.1 percent less feed per 100 pounds 
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Table I.-Schedule of Prices U;ed 
Shelled corn 
Whole oat~ 
Fish meal 
Dry rendet ed tankage ot meat >ct ap' 
Meat and bone scrap-; 
Soybeans 
Expeller soybean oil meal 
Hydraulic soybean oil meal 
Solvent extracted 'oybean oil me.tl 
Limeed meal 
Cottonseed meal 
Soybean oil 
Soybean flour 
Soybean grits 
Dried brewets' yeast 
Condensed fish solubles 
Dried distillers' grain solubles 
Ground alfalfa 
Legume silage 
Irradiated yeast 
Mineral mixture* 
Cobaltous chloride 
Grinding corn or soybeans 
Grinding oats 
APF concentrate No. l 
APF concentrate No. 2 
APF concentrate No. 3 
Baker's yeast 
Pasture, daily per pig 
··-~----Protein 
I approximate 
\ petcent 
60 
(il) 
~>0 
41 
11 
H 
:1 t 
11 
Pticc 
pet 
pound 
2.2.)c 
!!.2jc 
'\.20c 
i.OOc 
1.2!ic 
2.i:>t 
3.2:ic 
3.25c 
3 .. )0c 
3.00c 
3.25c 
IO.OOc 
4.00c 
4.00c 
IO.OOc 
3.00c 
4.25c 
2.00c 
0.30<. 
90.00c 
3.00c 
178.00c 
.15c 
<)• 
._._)( 
!iO.OOc 
133.00c 
43.00c 
3.0 c a cake 
2.0 c 
*Except in the early experiments in which no ferrous sulfate was used and in 
which equal parts of salt, limestone, and ~pedal steamed bone meal were fed. the 
minerals consisted of salt, 19.2; pulverized limestone, 38.4; special ;teamed bone meal, 
38.4; ferrous sulfate, 4.0. Iodized salt was med from 1947 on. 
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T.1ble 2.-(ompari~on~ of ~O)beaJl'> and So)bean Oil ~leal ~ Protein Conccnhates for 
pigs. 
:::.:--- --~ - ....::.__.,_----=-::-::=-
Part A Patt B 
In dr} lot On pastme 
I· '\pcttlll('llt' cnnd utted 1 2 1 
hom Corn Corn Corn 
I !JW to Hl27 Soybeans Soybean Soybeans 
oil meal 
·---
Mineta!s• I Minerals" Minerals 
:'\lumbct o[ compati;on., 9 I 9 2 
Pig'> .tt >tal t 57 57 15 
Initial \Ieight pet pig, lb. .53.1 :52.9 .)3.9 
Pig; at clo~e 33 .)2 13 
I· ina! \I eight per ptg, liJ. 18!.2 I 196.9 20!.3 I 
.\\erage daily gain, lb. .76 .99 1.33 
D.n;, to gain 160 pound' 210 163 121 
Dail} feed pe1 pig, lb.: 
Cmn :uo 3.>6 4.37 
Soy beam 
I 
.53 .56 
So} bean oil meal Ai 
Ground alfalfa I 
.02 .03 
Minetah 
I 
.09 .10 .0.5 
Total 3.74 4.16 4.98 
Feed, per 100 lb. gain, lb.: 
Corn 406.43 360.82 328.57 
Soybeans 69.69 41.79 
Soybean oil meal 47.92 
Ground alfalfa 3.24 2.94 
Mineral> 11.!7 9.60 4.00 
Total 490.53 421.28 374.36 
Co;t of ieed per 100 lb. gain * 12.18 $10.36 $ 8.98 
Cm.t of feed and pasture 
per I 00 lb. gain"" $10.49 
" Ground alfalfa included in the rations in two of the nine experiments. 
"" Includes cost of pasture at 2.0c per pig per day. 
2 
Corn 
Soybean 
oil meal 
Minerals 
2 
15 
54.0 
15 
204.7 
1.54 
105 
4.99 
.41 
.06 
5.46 
324.67 
26.43 
3.72 
354.82 
$ 8.76 
$10.06 
Total pig days Lots 1 and 2 Part 4., Lots 1 and 2 Part B, 8890, 7870, 1522, and 1470, 
respectively. Total gain Lots J and 2 Part A, Lot 1 and 2 Part B, 6775.167, 
7765.5, 2023.0, and 2260.5 lbs., Iespectively. 
gain and were ready for market 47 days earlier, on the average, than 
were those fed soybeam. 
Two pasture experiments in which soybean oil meal and raw soy-
beans were compared are summarized in Part B of Table 2. The soy-
beans were less palatable and less nutritious than the soybean oil meal. 
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The pigs having the soybean oil meal ate 9.6 percent more feed daily 
per head, gained 15.8 percent more rapidly, were ready for market 16 
days earlier and required 5.2 percent less feed per 100 pounds o[ gain 
than those having the soybeans. 
A dry lot experiment and a pasture experiment in which wybean oil 
meal and cooked soybeans were compared as supplements to corn and 
minerals are reported in Parts A and B o( Table ~~. 
Table 3.-Comparisons of Cooked Soybeans and Soybean 
centrates for Pigs. 
Experiments started: 
Dry lot, December 20, 1922 
Pasture, July 6, 1923 
Part .\ 
In dry Jot 
1 I 
Corn I 
Cooked 
soybeans 
2 
COJ'n 
Soybean 
Oil meal 
Oil Meal as Protein Con· 
"-
Part B 
On pasture 
-
I I 2 Corn Corn 
Cooked Soybean 
soybeans oil meal I 
I 
---1-----------~----------:----------
Pigs at start 
Initial weight per pig, lb. 
Pigs at close 
Final weight per pig, lb. 
Average daily gain, lb. 
Days to gain 160 pounds 
Daily feed per pig, lb.: 
Corn 
Cooked soybeans 
Soybean oil meal 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Cooked soybeans 
Soybean oil meal 
Minerals 
Total 
Feed per 100 lb. gain with 
fat x 2.25* 
Cost of feed per 100 lb. gain 
Cost of feed and pasture 
per I 00 lb. gain 
Minerals 
7 I 
19.0 
7 
203.7 
!.16 
138 
:1.:14 
.6~) 
·" I 4.14 
287.2!) 
:>9.73 
9.18 
356.16 
:l82.6!l 
$ 9.26 
Minerals 
7 
47.2 
7 
204.4 
1.02 
157 
3.49 
.44 
.12 
·LOS 
341.76 
'!2.98 
11.90 
396.64 
~ 1!\.77 
$ 9.96 
Minerals 
10 
ti.l 
10 
205.:) 
1.51 
106 
4.71 
.08 
'i.32 
312.60 
34.77 
'i.30 
352.67 
374.99 
$ 8.67 
$10.00** 
I 
I 
Minerals 
10 
47.1 
10 
206.0 
1.51 
106 
4.94 
AO 
.08 
326.75 
26.34 
:).29 
358.38 
375.68 
$ 8.86 
$!0.18** 
* Assuming the corn, cooked soybeans, and soybean oil meal contained 3.8, 17"2, and 
5.4 percent of fat, respectively. 
** Includes cost of pasture at 2.0c per pig per day. 
Total pig days, Lots 1 and 2 Part A, Lots 1 and 2 Part B, 931, 1078, 1050, and 1050, 
respectively. 
Total gain, Lots l and 2 Part A, Lots l and 2 Part B, 1083.0, ll00.5, 1583.5, and 
1589 pounds. respectively. 
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In the dry lot experiment the pigs fed soybean oil meal gained 
more slowly, were ready for market 19 days later, and required ll A 
percent nw.re feed per l 00 pounds of gain than tho,;e fed cooked soy-
beans. By multiplying the estimated fat in each ration by 2.25 it is 
possible to closely equali?e the energy values of the two rations. On an 
equivalent energy basis, the pigs fed soybean oil meal required 8.7 per-
cent more feed per unit of gain than those fed cooked soybeans. 
The two groups on pasture showed practically no difference m 
either the rate of growth or the feed required per unit of gain on an 
equivalent energy basis. 
In the Ohio experiments the soybeans were boiled. Vestal (25) 
found that roasted soybeans also were superior to raw soybeans for pigs. 
Although soybean oil meal was not superior to cooked soybeans as a 
supplement to corn for pigs, so far as production was concerned, it 
has the advantage of being free from the danger of producing soft pork. 
METHODS OF MANUFACTURING SOYBEAN OIL MEAL 
Early experiments showed wide variations in the value of soybean 
oil meals when they were used as the only protein concentrate in 
rations for pigs. Some soybean oil meals gave !!;Ood results. Others gave 
as poor results as raw soybeans. 
Three methods are used in removing oil from soybeans. These are 
the hydraulic, which is a batch method; the expeller or continuous 
screw-type press method; and the solvent extraction process, which is 
a chemical method. Savings of a third or more in the operating costs 
of the solvent extraction method were effected by replacing the older 
batch systems with continuous systems of extraction. These were first 
developed in Germany. A history of the early development of continuous 
systems of extracting oil from soybeans with a solvent has been given 
by Schmidt (22). Goss (fi) has given detailed descriptions of the three 
methods of manufacturing soybean oil meal. 
A number of factors, including the moisture pre~ent and the per-
centage of oil removed from the beans, influence the protein content 
of soybean oil meals. Usually mechanically pressed soybean oil meals 
are sold to contain 41 percent of protein. Improved techniques and 
equipment have enabled the removal of a larger percentage of the oil 
from soybeans so that some companies are now (1950) marketing screw 
pressed meals containing more than 41 percent protein. Solvent 
extracted soybean oil meals are lower in oil and, as a consequence, are 
higher in the other constituents that were present in the beans. Usually 
they are sold to contain 44 percent or more protein. 
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The larger share of the soybean oil meal manufactured in thi~ 
country has been made with expeller or continuous screw-type presses. 
Since it removes more of the oil and oil brings a higher price per pound 
than the meal, the percentage of soybean oil meal p~·oduced annually 
that is made by the solvent extraction method is increasing. The trend 
was retarded somewhat by ·world ·war II but since thf'n has been pro-
ceeding at an accelerating rate. 
From 1936 to 1938, inclusive, 13.6, 70.7, and 15.7 percent o[ the 
soybean oil meal manufactured in the United States was produced by the 
hydraulic, the continuous screw-type press, and the solvent extraction 
method, respectively. From 1946 to 1948, inclusive, 7.5, 57.8, and 
34.7 percent of the soybeans used for the production of meal were pro-
cessed by the hydraulic, the continuous screw-type press, and the solvent 
extraction method, respectively. 
NORMAL AND HIGHER TEMPERATURE HYDRAULIC MEALS 
Four trials in which standard hydrualic or old process soybean oil 
meals were compared with good quality expeller soybean oil meal are 
summarized in Part A of Table 4. Ground alfalfa was included in the 
rations only in the latest one of the four tests. The pigs fed the 
hydraulic meals ate 9 percent less feed daily a head, gained 81.6 percent 
as rapidly and required 10.9 percent more feed per unit of gain than 
those fed expeller soybean oil meals. 
At the time the hydraulic soybean oil meals used in the experiments 
reported in Part A of Table 4 were made, the beans were customarily 
cooked at a temperature of 105 degrees C. or 221 degrees Fahrenheit 
for 1.5 hours. It was found that if corrugated press boards were used a 
higher temperature could be employed without danger of burning the 
expensive camels' hair mats in which the cooked beans were placed for 
pressing. Part B of Table 4 gives the results of a test in which a hydraulic 
soybean oil meal made from beans that were cooked at a temperature of 
approximately 120° C. or 248 degrees F. for 1.5 hours was fed. The 
higher temperature hydraulic soybean oil meal and the expeller soybean 
oil meal with which it was compared were supplied through the courtesy 
of Archer-Daniels-Midland Company. The pigs fed the higher tempera-
ture hydraulic soybean oil meal ate 3.4 percent more feed daily a head, 
gained 8.9, percent more rapidly, were ready for market 10 days earlier 
and required 4.8 percent less feed per unit of gain than those fed a good 
quality expeller soybean oil meal. 
In tests by Hayward et al. (8) with pigs averaging 88 pounds at the 
start, those fed a 121 °C. hydraulic meal gained 9.6 percent more rapidly 
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Table 4.-Comparison~ of Hydraulic and Expeller Soybean Oil l\Ieals as Protein 
Concentrates lor Pigs. 
Year' e;.petimenh wcte 
conducted: 
Pa1 t -\, 1923-1926 
Palt B, 1936 
Numbe1 of comparisons 
Pigs at start 
Initial weight per pig, lb. 
Pigs at clm.e 
Final weight per pig. lb. 
Average daily gain, lb. 
Dav~ to gain 160 poumh 
Daily teed per pig, lb.: 
Corn 
SO) bean oil mea I 
Ground alfalfa 
Mineral~ 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Soybean oil meal 
Ground alfalfa 
Mineral~ 
Total 
Cost of feed per 100 lb. gain 
Part A 
H\draulic SO)bean 
oil meal; former 
tlormal temperature. 
Cooking temperature, 
I o:;•c. for 1.5 hours 
1 
Corn 
Hydraulic 
soybean 
oil meal 
Minerals" 
-Hl.l 
22 
18!).0 
0.80 
200 
3.H 
.41 
.02 
.07 
3.64 
391.08 
!>0.88 
2.19 
9.2!J 
453.44 
$11.36 
2 
Corn 
Expeller 
soybean 
oil meal 
Minerals" 
4 
25 
49.2 
22 
199.9 
0.98 
16-1 
3.43 
.46 
.02 
.09 
4.00 
350.82 
46.75 
2.38 
8.96 
408.91 
$10.26 
Part B 
Hydraulic soybean 
oil meal; 
higher temperature. 
Cooking temperature, 
12o•c. for 1.5 hours 
1 
Corn 
Higher 
temperature 
hydraulic 
soybean 
oil meal 
Ground 
alfalfa 
Minerals 
I 
15 
42.1 
15 
210.5 
1.34 
120 
3.75 
.83 
.19 
.11 
4.88 
280.70 
61.93 
14.61 
8.01 
365.25 
$ 9.28 
2 
Corn 
Expeller 
soybean 
oil meal 
Ground 
alfalfa 
Minerals 
1 
15 
42.5 
14 
206.3 
1.23 
130 
3.63 
.80 
.19 
.10 
4.72 
294.84 
65.16 
15.35 
8.42 
383.77 
$ 9.75 
• Ground alfalfa mcluded m the rauons m one of the four compansons. 
Total pig days, Lots I and 2 Part A, Lots 1 and 2 Part B, 3878, 3598, 1890, and 
1939, respectively. Total gain Lots 1 and 2 Part A, Lots 1 and 2 Part B, 3114.5, 
3515.5, 2526.5, and 2386.333 lb., respectively. 
and required 3.4 percent less feed per unit of gain than those fed a 
105°C. hydraulic meal. 
LOW AND HIGHER TEMPERATURE EXPELLER MEALS 
Four trials in which disagreeable raw bean-like tasting expeller 
soybean oil meals, or meals made at relatively low temperatures, were 
compared with expeller soybean oil meals having a pleasing roasted 
nut-like taste and aroma, or meals made at higher temperatures are 
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summari1.ed in Table 5. Three of the experiments ·were early ones in 
which no ground alfalfa was included in the rations. In one of the 
comparisons the pigs were fed twice daily. In the others they were 
self fed. 
Table 5.-Raw Tasting and Roa~ted, Nut-like Expeller Soybean Oil Meals as Protein 
Concentrates for Pigs. 
Years experiments were conducted: 
192g, 1924, and 1942 
Number of comparisom 
Pigs at start 
Initial weight per· pig, lb. 
Pigs at close 
Final weight per pig, lb. 
Average daily gain, lb. 
Days to gain 160 pound' 
Daily feed per pig, lb.: 
Corn 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Cost of feed per 100 lb. gain 
Corn 
Raw tasting expeller 
soybean, oil meal 
Minerals* 
4 
33 
~:).0 
22 
!68.:i 
0.64 
2!11 
2.!ll 
.46 
.O:"i 
.07 
3.09 
392.87 
71.89 
7.97 
9.93 
182.66 
$12.22 
" Ground alfalfa was included in the ration in one experiment. 
2 
Corn 
Roasted nut-like 
expeller soybean 
oil meal 
Mineral~* 
33 
4:i.l 
28 
196.4 
0.95 
169 
3.07 
.53 
.07 
.08 
3.75 
324.08 
56.02 
6.77 
8.19 
395.06 
$ 9.98 
Total pig days, Lot 1, 4585; Lot 2. 4718; total gain, Lot 1, 2931.0; Lot 2, 4472.667 
lb., respectively. 
In each of the four trials the raw bean-like tasting meals gave 
unsatisfactory results. The pigs receiving them ate 17.6 percent less 
feed daily a head, required 22.2 percent more feed per unit of gain 
produced, gained only 67.4 percent as rapidly and were not ready for 
market until 82 days later, on the average, than those receiving the 
roasted, nut-like expeller meals. The raw tasting expeller meals gave 
relatively as poor results as raw soybeans. As shown in Table 2, pigs 
12 
led raw ~oybeam reguired 16..1 percent more feed per unit o1 gain and 
gained 7li.8 percent as rapidly as pigs ied roa~ted, nut-like expeller 
soybean oil meals. 
U nle~~ othend~e noted, the expeller ~oybean tlil meals med in 
the experiments reported in the other table~ were relatively high 
temperature or good quality meals. 
NON-TOASTED AND TOASTED SOLVENT 
EXTRACTED MEALS 
Only nominal temperatUles are required in the various steps of 
removing oil from soybtam by the solvent extraction method. Originally 
the extracted flakes were !reed from solvent, ground and sold without 
lurther processing. The resulting meal was light in color and had no 
pronounced aroma. 
The results o1 seven experiments in which non-toa~ted. solvent ex-
tracted ~oybean oil meal was tried for pigs are given in Part A of Table 
6. In the three earliest oi the seven tests no ground alfalfa was included 
in the rations. In one of the three the feeds were given twice daily. In 
another the ground corn, protein concentrate, and minerals were self-
led separately. In the other five of the seven trials the corn was ground, 
the various ingredients in the rations were mixed and the mixtures 
were self fed. 
The pigs having non-toasted solvent extracted soybean oil meal ate 
15.5 percent less teed daily a head, required 21.8 percent more feed 
per unit of gain produced, and were not ready for market until 62 days 
later, on the average, than those having good quality expeller soybean 
oil meal. Like raw-tasting expeller soybean oil meals, non-toasted 
solvent extracted soybean oil meals resulted in little or no better 
relative performance than raw soybeans. 
The solvent employed when the meals for the first three of the 
seven tests were made was benzol. That employed when the meals for 
the last four tests were made was hexane. In the first three trials the 
pigs fed the non-toasted solvent extracted soybean oil meals gained 
33.8 percent less rapidly and required 27.0 percent more feed per unit 
of gain than those fed expeller soybean oil meals. In the last four trials 
the pigs fed the non-toasted extracted soybean oil meals gained 30.4 
percent less rapidly and required 20.5 percent more Ieed per unit of 
gain than those fed expeller soybean oil meals. 
After experiments showed that poor results were obtained from 
non-toasted solvent extracted soybean oil meals, some manufacturers 
began putting the flakes through an additional process of cooking or 
13 
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Table 6.-Non-toasted, Moderately Toasted, and Thoroughly Toasted Solvent Extracted Soybean Oil Meals for Pigs. 
E.xperimcnts conducted: 
Part A, 1923, 1924, 1934, 1935, 1936 
Part B, 1935 and 1936 
Part C, 1939, 1942, 1946 
Number of comparisons 
Pigs at start 
Initial weight per pig, lb. 
Pigs at close 
Final weight per pig, lb. 
Average daily gain, lb. 
Days to gain 160 pounds 
Daily feed per pig, lb.: 
Corn 
Soybcap oil meal 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Cost of feed per 100 lb. gain 
Part A 
Non-toasted solvent 
extracted soybean 
oil meal 
Part B 
Moderately toasted 
solvent extracted 
soybean oil mea( 
Part C 
Thorougltly toasted 
solvent extracted 
soybean oil meal 
I ----
I 
Extracted 
soybean 
oil meal 
Ground 
alfalfa 
Minerals 
7 
63 
52.9 
57 
183.8 
.80 
202 
3.07 
.)t) 
.II 
.C8 
3.81 
38).51 
74.30 
14.20 
10 69 
484.70 
$12.46 
2 
Expeller 
soybean 
oil meal 
Ground 
alfalfa 
Minerals 
7 
6) 
52.8 
; ) 
208.0 
1.15 
140 
Ui! 
.70 
.11 
.10 
-136 
317.47 
60.8) 
10.76 
3.74 
397.82 
$10.07 
I 
E\.tracted 
soybean 
01l meal 
Ground 
alfalfa 
Minerals 
36 
\6.0 
29 
212.0 
1.09 
147 
3.06 
.74 
.19 
.10 
4.69 
331.75' 
67.6) 
17.21 
9.64 
430.25 
$11.14 
2 
Expeller 
sovbcan 
oil meal 
Ground 
alfalfa 
Minerals 
)6 
)6.1 
30 
211.0 
1.20 
n; 
3.67 
.8: 
.19 
.11 
4. 78 
30-1.67 
67.31 
li .84 
8. 7) 
396.57 
$10.08 
I 
Extracted 
soybean 
oil meal 
Ground 
alfalfa 
Minerals* 
4 
)I 
49.9 
H 
209.4 
1.14 
I-ll 
3.41 
. 7() 
.19 
.10 
4.46 
29{). 72 
67.22 
16.-H 
8. 17 
391.75 
S10.13 
2 
Expeller 
soyhean 
orl meal 
Ground 
alfalfa 
Minerals* 
4 
I 1 
49.9 
4) 
207.9 
1.05 
153 
3.14 
. 77 
.17 
.09 
4.17 
299.91 
73.53 
16. 7i\ 
8.26 
398.48 
$10.18 
" Irradiated yeast as a source of vitamin D was fed in the latest of the four experiments. It was fed at the rate of 0.01 per-
cent of the ration. 
Total pig days, Lots 1 and 2 Part A, I and 2 Part B, and Lots 1 and 2 Pan C. 9704, 7903, 4326, 4095, 6-112, and 6860, 
respectively. Total gain Lots I and 2 Part A, Lots 1 and 2 Part B, and Lot' I and 2 Part C, 7715.5, 9060.0, ·l714, 4933.333, 
7297.167, and 7178.667 pounds, Tespectively. 
toasting Lollowing the removal of the oil. Part B of Table 6 shows the 
effect on the performance of pigs of moderately cooking and Part C of 
thoroughly cooking the soh·ent extracted flakes previous to grinding 
them into meal. 
The pigs fed the non-toasted, moderately toasted, and thoroughly 
toasted solvent extracted soybean oil meals in the experiments reported 
in Parts A, B, and C of Table 6 gained 0.8, 1.09, and l.l4 pounds daily 
a head and required 485, 430, and 392 pounds of feed per 100 pounds of 
gain produced, respectively. The pigs with which they were compared 
and that were fed good quality expeller soybean oil meal gained 1.15, 
1.20, and 1.05 pounds daily a head and required averages of 398, 397, 
and 398 pounds of feed per 100 pounds of gain produced, respectively. 
l\Ioderately cooked solvent extracted soybean oil meal produced 
gains 9.2 percent les~ rapidly and on 8.5 percent more feed per unit 
of gain than good quality expeller soybean oil meal. Thoroughly cooked 
~olvent extracted soybean oil meal produced gains 8.6 percent more 
rapidly and on 1.7 percent less feed per unit of gain than good quality 
expeller soybean oil meal. 
The average daily gain of 1.05 pounds was lower than was typical 
from good quality expeller soybean oil meal. Nevertheless, thorough 
cooking or toasting, as against non-toasting, changed solvent extracted 
soybean oil meal from a feed which gave much poorer results to one 
which gave fully as good results as good quality expeller soybean oil 
meal 
EFFECT OF MANUFACTURING PROCEDURES ON 
WORTH OF EXPELLER MEALS 
Efforts to improve the equipment and the procedures for removing 
oil from soybeans and other oil-bearing· materials are constantly going 
on. Since they were first developed, various improvements in the con-
struction and use of expellers or continuous screw-type presses have 
been made. The effects of the procedures of pre-heating the beans, 
o{ lowering their moisture content before allowing them to enter 
the expeller barrel and of adjusting the opening through which the 
pressed cake is discharged from the expeller on the friction and tem-
perature developed and on the quality of the meal produced were 
show:q in the preceding data. A further development in the equipment 
was oil cooling. Oil cooling is accomplished by pumping soybean oil 
from the collection tmugh be;neath the main barrel of the expeller, 
lowering its temperature to a point not exceeding ~00°F., and using 
it to flush both the vertical and horizontal barrels of the expeller. 
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In this 1ray the temperature within the barrels or p~·e~sing chamber~ 
is lowered as much as 80°F. or more. 
A considerably higher price for oil than for meal is a strong in-
centive for the manufacturer to attempt to secure a maximum yield 
of oil. 'With the procedures 1\'hich 1vere commonly followed, when as 
much oil as practicable was removed with Super Duo Oil Cooled Ex-
pellers, the inner portion of the cake was scorched, caramelized or 
darkened to some depth. By subjecting the beans to a lower temperature 
in the drier and flaking or rolling them to a thickness of I /l G to l i 32 of 
an inch instead of cracking or coarsely grinding them, as high a yield 
of oil can be obtained and the double layer effect or darkening of the 
inner portion of the cake to so great a depth can be avoided. 
An experiment was conducted to secure data on the feeding values 
for pigs of toasted solvent extracted soybean oil meal and of expeller 
soybean oil meals made by variow; procedures. The V. D. Anderson 
Company provided financial support for the experiment and also 
manufactured the expeller meals. The Central Soya Company assisted 
with the experiment by manufacturing and furnishing the toasted sol-
vent extracted soybean oil meal and by selling the soybeans from which 
the expeller soybean oil meals were made. A How of beans was ~plit so 
that the solvent extracted and the expeller meals would be made from 
the same supply of soybeans. 
Mr. F. vV. Weigel of the V. D. Anderson Company and l\lr. Norman 
H. Kruse of the Central Soya Company were in charge of the manu-
facture of the meals. l\Ir. Weigel and his assistants gave the manu-
facture of the different expeller meals close supervision and collected 
the moisture and temperature data on the beans and the meals. 
Oil cooling was used in the manufacture of the Super Duo but not 
in the manufacture of the Duo expeller meals. 
The soybeans for the manufacture of the meal ied Lot 4 in the 
experiment reported in Table 7 were rolled or Jhked rather than 
cracked or coarsely ground, as they were for the manufacture of the 
other expeller meals used in the experiment and as was the common 
practice. Furthermore, the beans for the manufacture of the meal fed 
Lot 4 were not subjected to as high a temperature in the drier as were 
those for the manufacture of the other expeller meals. 
Samples of the different soybean oil meals were taken at the Ex-
periment Station for analyses by the Nutrition Division of the Depart-
ment of Animal Science of the Station, the V. D. Anderson Conwany, 
and the Central Soya Company. The moisture, protein, and fat contents 
given in Table 7 are the averages of the three analyses. 
To bring out more clearly, differences, if any, in the nutritive values 
of the meals, young pigs 7 to 10 weeks of age and averaging 38 pounds 
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in weight at the start of the test, rather than older pigs, w~:re mcd. The 
pigs were confined indoors during the tests. 
,\t the beginning it "·as intended to rely on th 1~ sun-cured alfalfa 
to supply an ample amount o[ vitamin D. However, since the pigs were 
indoors, it was decided later to avoid any po~sibility of a vitamin D 
deficiency by fortifying the rations with irradiated yeast. Accordingly, 
after the eighth week, irradiated yeast at the rate ol 0.0 I percent of 
the total feed was fed. A pound o[ the irradiated yeast was pre-mixed 
with 100 pounds of corn and a pound of this was substituted for a 
pound of the other corn in each 100 pounds of feed. 
Before and after each group of pigs averaged 125 pounds in weight, 
whatever quantities of the soybean oil meals were required to provide 
rations containing l6.G and J.J.G percent of protein, respectively, '""ere 
used. The approximate mineral content, including that in the feeds 
and that added, ranged from 4.7i to ·!.6 percent. Soybean oil was added 
to all of the rations except that fm Lot l, in whatever amounts were 
needed to equalize the fat contents so that each ration contained ap-
proximately zl.R percent of fat. Ground alfalfa made up 5 and added 
minerals, 2 percent of the rations. 
The temperatures and moisture contents of the beans and meals 
at various stages of manufacture, the moisture, protein, and fat contents 
of the manufactured meals and the results secured from them in the 
feeding experiment are shown in Table 7. 
Apparently the rations 'ivere deficient in some respect. Insttad of 
the rapidity of the gains continuing to increase until a weight of 200 
pounds was reached, as is typical of normally developing pigs of 
similar type, that of all the groups slo·wed down before the experiment 
was concluded. The pigs showed a tendency to become excessively fat 
rather than to grow or develop normally. A number of them became 
wrinkly and rough in the skin. Several had a wheezy respiration. Some 
were removed from their respective lots because they had ceased to gain 
or were losing in weight. Two groups of pigs similarly feel except that 
their rations contained a combination of expeller soybean oil meal 
and 60 percent protein meat scraps gained rather slowly at first but 
more rapidly later and otherwise developed normally. In some, but not 
all, of the other dry lot experiments in which it was used pigs fed a 
ration of yellow corn, soybean oil meal, ground alfalfa, minerals, and 
irradiated yeast responded in a similar manner to those in this test. 
As indicated by faster gains, greater gains per unit of feed, and 
fewer removals, duo expeller soybean oil meal made from beans that 
were heated to a high temperature in the drier and that were low in 
17 
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Table 7.-Comparison of Soybean Oil Meals Made by Different Equipment and Procedures. 
I z 
Ground yellow corn, ground alfalfa, and mmcrals* 
Duo Duo Super duo Super duo Toasted 
expeller expeller oil cooled oil cooled solvent 
E~periment started June 10, 1942 soybeau soybean expeUer expeller extracted 
Feeds mh.ed and self fed oil meal oil meal soybean soybean soybean 
higher oil meal oil meal oil meal 
temperature from coarsely from flaked 
ground beans beans 
Temperature of beans in drier. op 260 273 270 236 .. 
Temperature, entenng expeller, °F 270 280 280 260 .. 
MoistUle, beans leaving drier, o/o 2.04 1.70 2.64 3.48 
-
-
Mo1stme, beans entering expeller, % 1.40 1.02 1.76 2.68 
Maximum temperature expeJier barrel, op 313 320 218 238 
Moisture in meal, % 8.68 9.50 10.51 11.02 9.39 
Protein in meal. % 45.30 45.30 4) .40 4' .20 46.70 
r~at tn meat. % 4.61 4.17 3 37 3.)) 0.97 
Enhre Time- June iO to November 25, 1942 
Pigs at start 13 13 13 12 13 
Initial '\.Yei~ht per pig. lb. 38.5 38.8 38.6 37.8 18.4 
Prgs at close 7 10 II II 10 
Fmal weight per pig, lb. 167.1 186.0 181.4 184.3 214.1 
Average daily gain, lb. 0.65 0.84 0.85 O.BI' 1.01 
Days to gai11 160 pounds 247 190 189 187 I 19 
Da2~r!eed per pig, lb.: 
1.95 2.39 2.31 2.34 2.66 
Soybean oil meal . 54 .64 .61 .61 .66 
Soybean oil .003 .01 .01 .03 
Ground alfalfa .B .16 .16 .16 .18 
Minerals .05 .07 .06 .06 .07 
Total 2.67 3.26 3 1 j '.18 1.60 
Feed per 100 lb. gain, lb.: 
Corn 300.27 283.09 273 II 272.71 264.66 
Soybean oil meal 82.96 71.19 71.9! 71 86 65.69 
Soyhan o1l .39 .97 .96 2. 52 
Ground alfalfa 20.61 19.29 18.60 18.18 17.89 
Mmerals 8.24 7.71 7.44 7.43 7.16 
Total 412.08 385.67 372.03 371.54 I 357.92 Cost of fee<! per 100 lb. gain $10.59 £ 9.92 $ 9.61 $ 9.59 $ 9.50 
" Soybean oil was added to equalize the fat content of the mr-ions. Irradiated yeast at the rate of 0.01 percent of the 1·ation 
as a source of vitamin D was added after the first 8 weeks. 
Total pig days, Lots, 1, 2, 3, 4, and 5, 1792, 2044, 2002, 1960, and 1974, re'>pectively. 
Total gain, Lots I, 2, 3, 4, and 5, 1139.5, 1680.667, 1707.667, 1639.667, and 1934.333 pounds, respectiYely. 
moisture when they entered the expeller was worth more than duo 
expeller meal made from beans that did not reach as high a temperature 
in the drier or that were not a~ low in moisture when they entered the 
expeller. 
"·\s judged by the greater gains per unit of feed conwmed, the meal 
manufactured in a super duo oil cooled expeller wa, superior for pigs 
to that manufactured in a duo expeller that was not oil cooled. The 
maximum temperature in the barrel of the oil cooled expeller was 238° F. 
whereas that in the barrel of the expeller that was not oil cooled was 
320° F. 
The results from the meals made from flaked and from coarsely 
ground soybeans in a super duo oil cooled expeller were inconclusive. 
Possibly they were obscured by the deficiency in the rations or by con-
flicting influences. For the entire time there was practically no difference 
in the average daily g·ains or in the average amounts of feed required 
per unit of gain from the meals made by the two procedures. 
Table 8 gives the results secured from the various rations during 
the growing period or fore part of the experiment and during the 
fattening period or latter part of the experiment. During the g;rowing 
period the pigs fed the meal made from the flaked soybeans required 
10.3 percent less, whereas during the fattening period they required 
19.6 percent more feed per unit of gain than those fed the meal made 
from the coarsely ground soybeans. The data for the latter part of 
the experiment or for the entire time did not indicate a danger of 
excessive temperatures, so far as the worth of the meal for pigs was 
concerned, when the meal was made in a super duo oil cooled expeller 
under practical operating conditions. However, if the data for the 
early part of the experiment were typical, meal m::1dt: from soybeans 
which were not heated to so high a temperature in the drier and which 
was flaked was superior to meal made from soybeans which had been 
heated to a high temperature in the drier and which were coarsely 
ground. 
Like the results secured from the meals made from the coarsely 
ground and from the flaked soybeans in a super duo oil cooled expeller 
the results secured from the toasted solvent extracted soybean oil meal 
were not entirely consistent, or, when considered alone, too positive in 
character. During the fattening period, the pigs feel the toasted solvent 
extracted soybean oil meal made less gain per unit of feed than the 
pigs feel the meal made from the coarsely ground soybeans in the super 
duo oil cooled expeller or those fed the high temperature duo expeller 
meal. During the growing period, the pigs feel the toasted solvent ex-
tracted soybean oil meal made more rapid gains and greater gains 
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Table 8.-Comparison of Soybean Oil Meals Made by Different Equipment and Procedure~. 
Ground yellow corn, ground alfalfa, and minerals" 
1 I 2 I 3 I 4 I :; 
I 
Duo 
Super duo Super duo 
oil cooled 
Duo expeller expeller oil cooled Toa~ted 
expeller soybean ~oybean oil expeller solvent 
soybean oil meal meal from soybean extracted 
oil meal higher coarsely J oil meal soybean 
temperature ground 1 
from flaked oil meal 
beans beans 
Growing Period 
' Initial weight per pig, lb. 38.5 38.8 38.6 37.8 37.3 
Final weight per pig, lb. 135.1 124.7 123.5 134.2 I 138.4 
Average daily gain, lb. 0.63 0.76 0.75 0.84 0.96 
Daily feed per pig, lb. 2.41 2.94 2.75 2.77 I 2.96 
Feed per 100 lb. gain, lb. 385.51 384.53 368.32 330.50 307.46 
Fattening Period 
Initial weight per pig, lb. 135.1 124.7 123.0 134.2 138.4 
Final weight per pig, lb. 167.1 186.0 183.4 184.3 214.1 
Average daily gain, lb. 0.76 1.03 1.08 0.89 1.08 
Daily feed per pig, lb. 3.96 4.01 4.07 4.04 4.71 
Feed per 100 lb. gain, lb. 520.36 387.67 377.86 452.04 435.12 
" Soybean oil was added to equalize the fat content of the rations. Irradiated 1 ea~t at the 1ate of 0.01 pe1 cent of the 1ation a' a 
source of vitamin D was added after the first 8 weeks. 
per unit of feed comumed than those fed any ol the other meals . 
. \fter the 2..J. weeks on teed they averaged 30 pounds heavier than those 
in the next best lot. At the heavier final weight and with the expeller 
meal figured at 3.25 and the toasted solvent extracted meal at 3.5 cents 
a pound, their feed cost per I 00 pounds of gain was 9 cents less than 
that of the next best lot. At approximately the same final weight it 
was 50 cents less. The data lor the entire time agree with those reported 
in Part C of Table 6 in indicating that, on an equivalent protein basis, 
thoroughly toasted solvent extracted soybean oil meal was fully equal 
if not slightly ~uperior to good quality expeller wybean oil meal. 
SOYBEAN OIL MEAL RATION INADEQUATE 
IN DRY LOT FEEDING 
.For a number of years the trio mixture of tankage, linseed meal, 
and ground altalfa was a standard with which other supplements were 
compared. Part A ol Table 9 reports 10 experiments in which expeller 
soybean oil meal was tried as a complete substitute for a mixture of 
dry rendered tankage or 60 percent protein meat scraps and linseed 
meal as a protein concentrate for pigs in dry lot. Both groups were 
led ground alialfa and minerals. In five of the tests the meat scraps 
and linseed meal were fed in a 2:1 ratio and in the other five, they 
were fed in a 1: 1 ratio. 
In three of the same and in two other experiments, toasted solvent 
extracted soybean oil meal was likewise compared with a mixture of 
meat scraps and linseed meal for feeding with yellow corn, ground 
alfalfa, and minerals to pigs in dry lot. In two of these comparisons the 
meat scraps and linseed meal were fed in a 2: 1 ratio. In three they 
were fed in a 1: 1 ratio. Part B of Table 9 summarizes the five com-
parisons. 
The pigs fed expeller soybean oil meal as a protein concentrate 
ate 15.2 percent less feed daily a head, gained 17.6 percent less rapidly, 
were ready for market 25 days later, on the average, and required 1.8 
percent more feed per unit of gain than those fed a mixture of meat 
scraps and linseed meal. 
The pigs fed the toasted solvent extracted soybean oil meal as 
a protein concentrate ate 16.1 percent less feed daily a head, gained 
15.8 percent less rapidly, were ready for market 21 days later, on the 
average, and required 0.6 percent less feed per unit of gain than those 
fed a mixture of meat scraps and linseed meal. 
Good quality soybean oil meal, whether it was made by the expeller 
or by the toasted solvent extraction process, resulted in economical 
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gaim. There were '>eriou~ objecti(\11"> to it, ho\\C\'CJ, when it wa'> mcd 
as the sole protein concennate with corn, gtound altalla, mineral'>, and 
irradiated yeast ior pig~ in dq lot. 
The pigs in the expcrimenb 1epmted in Table 9 were unried from 
approximately 50 to 210 pound> in weight. They we1e on forage plot~ 
Table 9.-Soybean Oil Meal and a Combination of Meat S<.rap• and Limeed Meal a• 
Protein Concentrate> for Pigs in Dry Lot. 
-- =-=-=-=-=-=-=-=--==-...::::=--~_--_:::::_--_;-_-_-_-_-_:::c-_::::c-_---:=------==---.--. ---·--------
Experimenb conducted 
Part A. 1931 to 19411 
Part B, 1939 to 1946 
Number of comparisons 
Pigs at ;tart 
Initial weight pet pig, lb 
Pigs at close 
Final weight per pig, lb. 
Average daily gain, lb. 
Days to gain 160 pound., 
Dail} feed pet pig, lb : 
Corn 
Meat ;crap~ 
Linseed meal 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Meat ~craps 
Linseed meal 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Cost of feed per 100 lb. gain 
Part.\ Pa1t B 
Expeller Soybean Toa.,ted Solvent Ex-
Oil Meal tracted Soybean 
Cmn 
Meat scrap> 
Linseed 
meal 
G10und 
alfalfa 
Mine1ah 
10 
12) 
)3 8 
118 
212.9 
1.36 
11R 
.21 
. 07 
5.38 
~ll8.l.'\ 
~l2 i3 
23.4>; 
I) 30 
"33 
394.79 
$10 43 
Oil Meal 
--------- r--~---------;------··-
2 
Com 
Expeller 
soybean 
oil meal 
(,Jound 
alfalfa 
Mine1ah 
10 
12) 
-.3.i 
101 
212.7 
3.44 
.81 
.17 
.10 
4.'52 
3or,.st 
71.77 
1 i.'iR 
8.79 
401.95 
~Io.zr, 
Cmn 
Meat scraps 
Linseed 
meal 
(,JOund 
alfalfa 
Mineta[., 
.i 
66 
32.7 
63 
215.8 
1.39 
I 16 
14G 
.Hi 
.38 
C)<) 
....... 
.o7 
3.58 
319.94 
33.09 
27.31 
16.06 
.'\.26 
401.66 
~10.63 
2 
Corn 
Toasted 
\Oivent 
extracted 
•oybean 
oil meal 
Ground 
alfalfa 
Mmetah 
6 
66 
·,3.:\ 
60 
208.4 
1.17 
137 
.82 
.19 
.10 
4.68 
304.49 
69.78 
l'i.9R 
9.13 
399.38 
$10.29 
Total pig days, Lots 1 and 2 Part A, Lots 1 and 2 Part B, 13,979, 15,505, 7,637, 
and 8113, respectively. 
Total gain Lots 1 and 2 Part <\.,Lot~ land 2 Pa1t B, 19,042.0, 17,436.833, 10,6090, 
and 9,505.167 pounds, respectively. 
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until the start of the experiments. Since relatively large numbers were 
kept on rather limited areas, the pasture was sometimes exhausted 
before the pigs were removed from the plots for starting on the tests. 
Figure 2.-A pig representative of those that ceased to gain normally, became wrinkly 
and rough in the skin and developed a wheezy respiration. Such pigs some-
times died after little exertion. Ration: corn, soybean oil meal, ground 
alfalfa-5 percent of ration, limestone, special steamed bone meal and fer-
rous sulfate. Av. dail) gain, first 84 days, 0.78 lb.; next 42 days, 0.40 lb. 
lnsteacl of developing normally during the course of the experi-
ments some of the pigs fed soybean oil meal became excessively fat. 
Some became wrinkly and rough in the skin. A number developed a 
wheezy respiration. They could stand little exertion. Some of them 
died when attempts were made to drive them a short distance, as 
for \\'eighing. The whcety condition was not encountered in all of the 
tests. Rather than continuing to gain at an increasingly rapid rate, 
as is typical of pigs that arc thriving, a number of them reached a 
point at which they ceased to gain or began losing weight. Because of 
becoming unthrifty and ceasing to gain, a larger percentage of the pigs 
fed soybean oil meal than of those fed a mixture of tankage and linseed 
meal were removed from their respective lots during the course of the 
experiments. ln the case of the expeller soybean oil meal this was 16 
23 
percent a~ agaimt 5.6 percent. In the case of the toa,ted whent 
extracted soybean oil meal it wa~ 9.1 percent as agaimt 1.5 percent. 
Obviously, the ratiom containing boybean oil meal as the sole protein 
concentrate were deficient in one or more respects. In dl:orts at im-
proving it for dry lot leeding a number of things were tried with a 
ration of yello-w corn, >oybean oil meal, ground allalfa, minerals, and 
irradiated yeast. The next portion ol the bulletin reports experiment; 
of this nature. 
VARIOUS METHODS OF IMPROVING RATION TRIED 
Outer Hull Removed - Soybean Flour 
Soybean Hour was compared ·with ~oybean oil meal in one experi-
ment. It differs from the meal in that it does not contain the outer hull 
of the bean. The flour used was made at a relatively low temperature. 
Like wheat flour, it wa> very fine and powdery in character. Part A ol 
Table 10 sumrnari.~:es the results Jrom soybean flour and lrom soybean 
oil meal. 
The pigs fed soybean flour did poorly. Consequently, after 12 
weeks the feeding of the soybean Hour a> such was discontinued. 
Normally as pigs become heavier and latter they require more feed per 
unit of gain. To make the data comparable, the summary lor the group 
fed soybean oil meal is not for an equal length of time but to approxi-
mately the same average final weight as that for those fed soybean flour. 
The pigs fed soybean oil meal were a~ heavy after 8 weeks on feed as 
those fed soybean Hour were alter 12 weeks on feed. In these resepctivc 
periods, the pigs fed soybean Hour ate 14.6 percent less feed daily a 
head, gained 35.9 percent less rapidly, and required 34.0 percent more 
feed per unit of gain than tho~e fed soybean oil meal. 
After 12 weeks, the group fed soybean flour was divided. One 
section of the group was then feel soybean grits. The grits were obtained 
from the same source and ,\·ere made in the same way as the flour. 
However, they were not powdery in form but were particles about the 
size of grains of wheat. The pigs in the other section of the group were 
continued on the soybean flour but, thereafter, before it was fed the 
flour was moistened, cooked for an hour with steam under pres~ure, 
dried, and reground. 
The performance of the pigs fed the soybean grits was better than 
was that of the entire group during the first 12 weeks or while they 
received the soybean flour but was not equal to that of the pigs fed 
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Table 10.-So}bean Flour and Soybean Oil ~leal as Protein Concentrate~ for Pigs in 
Dry Lot. 
- -_--- ---- --------------_-_-----==----=--------------------------
'itarted Dec. ,), 1944 
Feed~ mixed and 
.,elf fed 
!<'rom 
To 
Pigs at '>tal t 
Initial wt. per pig,1b. 
Pigs at close 
Final wt. per pig, lb. 
Ave. daily gain, lb. 
Daily feed per pig, lb : 
Corn 
Soybean oil meal 
Soybean flour 
Soybean grits 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. 
gain, lb.: 
Corn 
Soybeal oil meal 
Soybean flour 
Soybean grits 
Ground alfalfa 
Minerals 
Total 
Cost of feed per 
100 lb. gain 
Part B Part A 
Before Lot 6 wa~ 
changed 
.-\fte1 Lot fi wa~ changed 
----- ---------
1 6 1 
Corn 
Soybean 
oil meal 
Ground 
alfalfa 
Minerals 
Dec. 5 
Jan. 30 
l!i 
r,2.1 
l!i 
9'i.6 
.78 
2.06 
.70 
.12 
.06 
2.9~ 
264.58 
90.71 
15.12 
7.56 
377.97 
$ 9.86 
Corn 
Soybean 
flour* 
Ground 
alfalfa 
Minenils 
Dec. 5 
Feb.27"" 
15 
!i2.7 
13 
92.6 
.50 
1.83 
.50 
.10 
.08 
2.51 
369.7.'l 
101.30 
20.26 
15.20 
506.49 
$13.8.'l 
Corn 
Soybean 
oil meal 
Ground 
alfalfa 
Minerals 
Jan. 30 
April 17 
15 
95.6 
14 
209.0 
1.45 
4.63 
1.20 
.25 
.13 
6.21 
319.43 
82.53 
17.13 
9.24 
428~~3 
$11.01 
- -6B-- -~,--6-C-­
Corn 
Soybean 
grits 
Ground 
alfalfa 
Minerals 
Feb. 27 
June 19 
6 
91.6 
6 
205.6 
1.01 
2.95 
.61 
.15 
.11 
3.82 
290.24 
60.21 
15.07 
11.30 
376.83 
$10.05 
Corn 
Cooked 
soybean 
flour 
Ground 
alfalfa 
Minerals 
Feb. 27 
May 15 
6 
95.9 
6 
208.7 
1.47 
4.08 
.88 
.22 
.16 
5.34 
278.55 
60.20 
14.57 
10.93 
364.25 
$ 9.74 
• After 12 weeks the group was divided. Six of the pigs were then fed soybean grits 
and six soybean flour which had been moistened, cooked for one hour with 
steam under pressure, dried, and reground. 
"" Since normally as pigs become heavier and fatter they require more feed per unit 
of gain, the data for Lot I are to approximately the same final weight. Although 
both were started at an average weight of approximately 52 pounds, it took Lot 1 
eight and Lot 6 twelve weeks to reach a weight of approximately 95 pounds. 
Total pig days Lots 1 and 6 Part A, Lots I, 6B, and 6C Part B, 840, 1204, 1092, 
672, and 462, respectively. Total gain Lots 1 and 6 Part A, Lots I, 6B, and 6C 
Part B, 652.833, 596.167, 1583.0, 682.0, and 677 pounds, respectively. 
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the cooked soybean flour. The pigs fed the cooked soybean flour 
gained at approximately the &ame rate as those led soybean oil meal. 
They required less feed per unit of gain. Perhaps their lower feed 
requirement per unit of gain was due to their poor gains during the 
first 12 weeh and their relatively thin condition when they were 
started on the cooked soybean flour. 
When they were made at relatively low temperatures, soybean oil 
meal and soybean flour, like raw soybeans, were unsatisfactory feeds 
for growing and fattening pigs. Whether the flour, the oil meal, or 
the bean itself was used, subjecting the product to a sufficiently high 
temperature to thoroughly cook it changed it from an unsatisfactory 
to a comparatively satisfactory high-protein feed for pig& from the 
standpoint of production. 
Oil Content Reconstituted 
Since cooked soybeans had given good performance in earlier 
experiments and since presumably the difference in oil content ·was 
the chief difference between them and good quality soybean oil meal, 
rations of corn, soybean oil meal, ground alfalfa, minerals, and ir-
radiated yeast without and with the addition of soybean oil were com-
pared in one experiment. The oil was added at the rate of three percent 
of the ration. This approximated the amount that would have been 
supplied if soybeans instead of the oil meal had been fed. Table 11 
summarizes the results secured from the two rations. 
The pigs fed the ration containing the soybean oil gained 4.9 
percent more rapidly, were ready for market 7 days earlier and required 
4.2 percent less feed per unit of gain than those without the oil. The 
two groups ate practically the same amounts of feed daily a head. 
When the rations were placed on an approximately equivalent energy 
basis by multiplying the added oil by 2.25, which is the difference in 
energy value between carbohydrates and fats, there was practically no 
difference in the amounts of feed required per unit of gain. As de-
termined by the amounts of feed per unit of gain, replaced by it, and 
with feeds at the prices used, the feeding value of the oil in the ration 
was 2.35 times that of the soybean oil meal a pound. 
Synthetic Methionine, an Essential Amino Acid, Added 
Soybean oil meal is commonly considered one of the most effective 
protein supplements of plant origin. Nevertheless it seemed possible 
that a ration of corn, soybean oil meal, ground alfalfa, minerals, and 
irradiated yeast might be inadequate in one or more of the essential 
amino acids or nitrogenous units for the optimum growth and well 
being of pigs. Including synthetic d-1 methionine, an essential amino 
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Table I !.-Effeu of Feeding Soybean Oil with So) bean Oil Meal to Pigs. 
__ o.::__·-··-·----=-·------··-··· ---- ----·---·-··- ·----=-==:::: 
E"periment ;,tarted J~Il_v_l_-1_, -~-9=------ -~~ Soyhro;;o~;l mml ~. Soyb,;/~; mml. 
Feed, mi"ed and 'elt led II Soybean oil 
(;wund alfalla C10n11d alfalfa 
Pi~ at ;,tart 
Initial weight per pig, lb. 
Pigs at dose 
J-iual weight per pig, lb. 
Average daily gain, lb. 
Day;, to gain 160 pound, 
Dailv feed per pig, lb.: 
Corn 
Soybean oil meal 
Soybean oil 
Ground alfalfa 
Mineta], 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Soybean oil meal 
Soybean oil 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain with added oil x 2.25 
Cost of feed per I 00 lb. gain 
:\linerab I Minerals 
I
I ~~.5 II ~~.r, 
]~ 10 
192.:) 19-l.l 
I l.OI 1.06 
I 
i 
159 152 
:ul~ 
.6~ 
.!G 
.08 
3.96 
:l02.12 
67.:l:l 
1!'i.72 
7.86 
393.03 
$ 9.99 
2.89 
.?';!, 
l ,, 
.16 
.08 
3.97 
273.79 
68.0iJ 
11.29 
15.06 
8.28 
376.47 
390.!18 
$10.46 
Lot l, 77 lb. pig out on 70th day; Lot 2, 133 lb. pig out on 84th day; 109.5 lb. pig out 
on 98th day; and 178.5 lb. pig out on !12th day. 
Total pig day;,, Lots 1 and 2, 1666 and 1554, re~pectively. Total gain Lots l and 2, 
1678.5 and 1640.5 lb., respectively. 
acid or protein fraction, in such a ration was tried in one experiment. 
The methionine was supplied through the courtesy and cooperation of 
the Ammonia Department, Chemical Division Experimental Station of 
the E. I. Du Pont de Nemours and Company. It was fed at the rate 
of 0.2 percent of the total ration, or at an average rate o[ 0.7 percent 
of the supplemental mixture. Table 12 summarizes the results secured. 
Apparently as a result of illness, one pig in the d-1 methionine 
group which gained satisfactorily during the first two weeks failed to 
gain during the next and so was removed on the 28th day. After it 
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Table 12.-Feeding Methionine with a Protein Concentrate of Soybean Oill\feal to Pigs in Dry Lot. 
From 
To 
Started December 5, 1944 
Feeds mixed and self fed 
Pig.s at start 
Initial weight per pig, lb. 
Pigs at close 
Final weight per pig, lb. 
Average daily gain, lb. 
Days to gain 160 pounds 
Daily feed per pig, lb.: 
Corn 
Soy bean oil meal 
Methionine 
Ground a!folfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Soybean 01l meal 
Methionine 
Ground alfalfa 
Mine~als 
Total 
Cost of feed per 100 lb. gain 
Part A 
Before dividing Lot 7 
I 
Corn 
Soybean 
oil meal 
Ground 
alfalfa 
Minerals 
Dec. 5 
Feb. 27 
1) 
52.1 
!4 
131.0 
0.92 
2.\"3 
.83 
.1) 
.07 
3. iS 
275.79 
90.63 
15.60 
7.90 
389.92 
$10.15 
7 
Corn 
Soybean 
oil meal 
Metl1ionine 
Ground 
alfalfa 
Minerals 
Dec. 5 
Feb. 27 
15 
iU 
13 
131.8 
0.93 
2.73 
.86 
.01 
.15 
.08 
3.83 
291.59 
92.35 
.82 
16.38 
8.36 
409.50 
$10.61 
Part B 
After dividing Lot 7 
1 
Corn 
Soybean 
oil meal 
Ground 
alfalfa 
Minerals 
Feb. 27 
Apr 17 
14 
1:1.0 
14 
~09.0 
1.59 
i .29 
I 25 
. 10 
.15 
G 98 
3)2.22 
78.89 
17.'>3 
9.64 
438.28 
$11.22 
7-B 
Corn 
Soybean 
oil meal 
Methionine 
Ground 
alfalia 
Minerals 
Feb. 27 
Apr. 10 
9 
141.0 
8 
'207.7 
1.52 
) .13 
I 21 
.01 
.27 
.1 i 
(i 77 
336.73 
79 09 
.87 
17.77 
9.77 
444.24 
$11.34 
7·C 
Corn 
Soybean 
oil meal 
Methionine 
Ground 
alfalfa 
Minerals 
Feb. 27 
Apr. 17 
4 
106.1' 
4 
157.0 
1.03 
3 88 
.91 
.OJ 
.21 
.11 
5.12 
n6.75 
88.47 
.99 
19.88 
10.94 
497.03 
$12.69 
Part C 
Entire time 
1 
Corn 
Soybean 
oil meal 
Ground 
alfalfa 
Minerals 
Dec. 5 
Apr. 10 
1' 
'2 1 
14 
199.) 
1.14 
140 
1 19 
9fi 
.19 
10 
~64 
296 ~5 
84 08 
16.21 
8.54 
405.18 
$10 46 
7 
Corn 
Soybean 
oil meal 
Methionine 
Ground 
alfalfa 
Minerals 
Dec. $ 
Apr. 17 
I\' 
12.3 
12 
198 0 
1.09 
14S 
J .4\' 
.9\' 
.OJ 
.19 
10 
4 70 
l17.1'2 
87.94 
.87 
17.H 
9.16 
432.79 
$11.14 
Total pig da)S, Lots I and 7 Part A, Lots I, 7B and 7C Part B, Lots I and 7 Part C, 1246, ll20, 686, 350, 196, I822, and 1722, 
respectively. Total gain Lots I and 7 Part A, Lots l, 7B and 7C Pmt B. Lot' I and 7 Pan C, 1144.333. I047.0. 1092.0, 533.5, 
202.0, 2099.833, and I869.5 pounds, respectively. 
wa~ on iced lor two weeks, another developed prolap~u~ ani. It wa~ 
operated on but failed to recover properly and ~o wa~> removed on the 
·12nd day. Still another pig in the group gained lor 98 days and then 
ceased to gain. It was removed on the ll2th day. A pig on the Tation 
without the d-1 methionine gained during the first five two-week periods 
but failed to gain during the next two-week period and ~o was removed. 
Although actually they were not taken out until later, these pigs were 
figured a~ removed at the time o( their maximum weight. Since the 
amounts of leed consumed by them lrom the time of their heaviest 
weight to the time ol their removal was not known, no leed was de-
ducted to allow for what they ate in the meantime. 
If it were a~sumed that in the&e periods from the time of their 
maximum weight to the time of their removal, the pigs removed from 
Lot 7 ate half as much leed as the others, and if these amounts were 
deducted, the feed required per 100 pounds of gain (1) by the group for 
the first 84 days, (2) by the pigs in the more rapid gaining section of 
the group for the remainder of the test and, (3) by the entire group 
for the entire time would have been '106, 451, and 430 pounds, re-
spectively. These figures arc not materially different lrom those without 
deductions given in Table 12. 
During the first 12 weeks the pigs without and those with d-1 
methionine gained 0.92 and 0.93 pounds daily a head and required 
averages of 390 and 409 pounds of feed per 100 pounds of gain, re· 
spectively. On the 84th day four of the slower gaining· pigs from the d-1 
methionine group were placed in a different pen but continued on the 
same ration. 
For the entire time or until an average weight of approximately 
200 pounds was reached the pigs without and those with d-1 methionine 
gained 1.14 and 1.09 pounds daily a head and required 405 and 433 
pounds of feed per 100 pounds of gain, respectively. The eight best 
doing pigs without and the eight best doing pigs with d-1 methionine 
gained 1.33 and 1.25 pounds daily a head, respectively. 
From the 84th day until they were discontinued, the gToup without 
d-1 methionine gained 1.59 pounds daily a head and required 438 
pounds of feed per 100 pounds of gain. In the same period the 8 more 
rapid gaining pigs with d-1 methionine, that is those in Group 7-B, 
gained 1.56 pounds daily a head. The group required 444 pounds of 
feed per 100 pounds of gain. 
There was no benefit from including d-1 methionine in the ration. 
Little or no scouring was encountered. Otherwise, although twice 
as much d-1 methionine as Ferrin (5) feed was used, the results were in 
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accord with tho~c obtained by Ferrin, who tried d-1 methionine with a 
ration consisting of ground yellow corn, 70A; dried "·hey, ~.5; de-
hydrated alfalfa leal meal, 5.0; irradiated yeast (9,000 U.S.P. units 
D jgm), 0.02; iocli;ed ~alt, 0.5; defiuorinated rock pho~phate, 1.9; 
toasted solvent extracted ~oybean oil meal, 19.6; plus ~00 microgram:, 
o[ riboflavin and three milligram:, ol niacin per 100 pound:, ol lced. 
Oats Included in Ration 
Ground oats were Jed ·with yellow corn, soybean oil meal, ground 
alfalfa, minerals, and irradiated yeaH in three experiment:,. If oat:, or 
other small grains were successlul in improving a ration ol this type 
for dry lot feeding, they would have an advantage over commercial 
products or by-products, particularly those the supply ol which is limited 
and will remain limited regardless ol the need or demand lor them. 
Table 13.-0ats With a Sole Protein Concentrate of Soybean Oil Meal for Pigs in 
Dry Lot. 
Expedment> conducted in 19~3 and l~H::; 
Feeds mixed. Pigs hand ted in one and 
self fed in two experiment~ 
Number of comparisons 
l'igs at start 
Initial weight per pig, lb. 
Pigs at close 
Final weight per pig, lb. 
Average daily gain, lb. 
Days to gain 160 pound, 
Daily feed per pig, lb.: 
Corn 
Oats 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Oats 
Soybean oil meal 
Ground a!lalfa 
Minerals 
Total 
Cost of feed per 100 lb. gain 
Ccnn 
Soybean oil meal 
Ground alfalfa 
Minerals 
3 
41 
::;~Ui 
:H 
202.7 
1.05 
l::i3 
3.09 
.79 
.16 
.09 
4.13 
i!l.12 
15.41 
8.()2 
392.75 
$10.09 
Total pig days, Lots 1 and 2, 5236 and :i20l. respectively. 
Total gain, Lots 1 and 2, !\500.0 and !\927.6117 pounds, respccti\el). 
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2 
Corn 
Oats 
Soybean oil meal 
Ground alfalta 
Mineral~ 
3 
41 
."\4.6 
38 
201.7 
1.14 
141 
.75 
.17 
.08 
4.35 
227.29 
66.22 
66.22 
14.88 
7.12 
381.74 
$ 9.81 
Oat~ and other 'mall grain-, can he grown over an extew,ive area. 
u~ually they could be grmn1 rather than purchased. Their production 
could be increaoed with an increasing demand ~o that except possibly 
temporarily they would not be likely to become prohibitiYe in cost. 
The ground oats were led at the rate oi a pound ior each pound 
oi soybean oil meal or 0.75 of a pound for each pound of supplement. 
This averaged a pound for every 3.-13 pounds of corn or 17.35 percent 
of the total ration. A summary of the three experiments is presented 
in Table 13. 
The pigs having the oats required 2.8 percent less leed per unit 
oi gain and made laster gains so they were ready for market 12 days 
earlier, on the average, than tho'e without oats. An average ol ap-
proximately 30 percent oi standard weight oats is hull. The hulls are 
o( little worth for growing and lattening pigs. On a hull-deducted 
basis, the pigs having oats req uirecl 7.9 percent less feed per unit of 
gain than those without oats. ·with other feeds at the prices used each 
pound oi ground oats fed saved 1.22 pounds of ground corn or its 
equivalent. Although the oats were beneficial, they failed to make the 
ration a fully adequate one. As they did on the same ration without 
the oats, some ol the pigs became unthrifty, some became wrinkly and 
rough in the skin, and ~ome developed a wheezy respiration. 
Other Plant Protein Concentrates Fed With Soybean Oil Meal 
\Vhether, when no animal protein concentrate is included in the 
ration, two or more high-protein feeds ol plant origin will prove more 
effective than one is a pertinent question in the feeding of soybean 
oil meal. Part A of Table 14 summarizes three experiments in which 
a mixture of equal weights of soybean oil meal and cottonseed meal 
was compared with soybean oil meal alone for feeding with yellow 
com, ground alfalfa, minerals, and irradiated yeast to pigs in dry lot. 
The cottonseed meal averaged 8.94 percent of the total ration. 
Cottonseed meal is considered reasonably safe for hogs if it is fed along 
with other high-protein feeds and does not exceed 10 percent of the 
total ration. In order to avoid any possible deleterious effect from the 
free-gossypol it contained, the cottonseed meal was treated with a 
solution of ferrous sulfate. 
In one of the experiments the pigs fed the combination of wybean 
oil meal and cottonseed meal made more rapid gains and greater gains 
per unit of feed than those fed soybean oil meal as the only high-
protein feed in the ration. In another they made slightly more rapid 
gains but less gain per unit of feed. In the third experiment they made 
less rapid gains and less gain per unit of feed than those fed a protein 
concentrate of soybean oil meal only. On the average, the pigs having 
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T<iblc H.-Feeding Other Plant Protein Conccmrates with So) bean Oil Meal to Pig• 
in Dry Lot. 
· ·-·- ·----- ....cccc=:._c.=_::::c=::-::·o:-::::--------~--~--------- -~- ------ !'art .\ Part B --
! !Ion tl<:atcd cottomccd Lin,ccd and iron treated 
Experiment- conducted: 
Part ,\, l9:H, 1939. and 
19-H 
Part B, EH3 
:\'umber of comparisons 
Pigs <lt start 
Initial weight per pig, lb. 
Pigs at clo'e 
Final weight per pig. lb. 
Average daily gain 
Days to gain 160 pounds 
Daily feed per pig, lb.: 
Corn 
Lin,eed meal 
Cottonseed meal 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Linseed meal 
Cottonseed meal 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Cost o£ feed per I 00 lb. gain 
I meal cottonseed meal 
1---- -
C<nn 
Soybean 
titeal 
Ground 
a! fa !fa 
Minerals 
36 
210. i 
1.08 
1-Hl 
3.:;u 
.73 
,]() 
.II 
4.:\0 
68.34 
H.7,; 
9.94 
399.16 
~10.29 
Corn 
Cottonseed 
meal* 
Soybean 
meal 
Ground 
alfalfa 
1\Iincrals 
:l 
·II 
!i!i.:l 
:l7 
~I:u; 
1.17 
137 
.43 
.1-3 
.18 
:H3.-±6 
36.90 
36.90 
15.18 
10.16 
412.60 
$10.49 
Corn 
Sovbcan 
rneal 
Ground 
alfalfa 
Minerals 
~~ 
0>4.!> 
21 
199.H 
1.011 
liili 
3.05 
.73 
.lli 
.OR 
-1.02 
70.98 
1:1.14 
7.81 
390.36 
$ 9.96 
2 
Corn 
Linseed 
meal 
Cottonseed 
meal* 
Soybean 
meal 
Ground 
alfalfa 
1\f inerals 
':!.7 
!J:j.J 
I97.2 
1.!7 
137 
:us 
.]6 
.16 
54 
.IR 
.09 
4.51 
2R8.64 
13.6:) 
J 3.6:) 
46.02 
14.86 
8.03 
384.85 
$ 9.81 
" To overcome any possible toxic effect from the free-gossypol. the cottonseed meal 
was treated with a solution of ferrous sulfate. 
Good quality expeller soybean oil meal was fed in one and toasted solvent extracted 
soybean oil meal was fed in two of the experiments summarized in Part A. The 
ex'tracted meal made up 74.1 percent of the total fed Lot I, and 71.7 percent of 
the total fed Lot 2. 
Good quality expeller soy bean oil meal was fed in the experiments >ummarized in 
Part B. 
Total pig days, Lots I and 2 Part A, Lots 1 and 2 Part B, 5215, 514!1, 3318, and 
3108, respectively. Total gain Lots 1 and 2 Part A, Lots I and 2 Part B, 5622.5, 
6034.333, 34!6.167, and 3639.833 pounds, respectively. 
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the mixture ate more feed daily a head. gained more rapidly. and were 
ready for market 12 clays earlier but l'C({Hired more teed per unit of 
gain than thooe having only ~oybean oil meal as a protein concentrate . 
. \t the prices used for other feeds and based :.olely on the amounts 
o[ these :,aved per unit o( gain, the cottonseed meal showed an average 
worth of G5A percent that of good quality expeller ;,oybean oil meal 
containing ·11 percent of protein. 
Part B of Table H ;,ummari1c~ t11'<l experiment;, in which mixtures 
of linseed, cottonseed meal, and soybean oil meal were compared with 
soybean oil meal alone for feeding with yellmv corn, ground alfalfa, 
minerals, and irradiated yeast to pigs in dry lot. ln one trial the linseed, 
cottonseed meal. and soybean oil meal were fed in a 1: l: 2 ratio. In 
the other, they were fed a ratio of l: l: ~l. The averages were linseed, 
I R.li: cottonseed mea I, 1 R.fi: soybean oil meal, (i~.S percent. ,'\s when 
no linseed was included, the cottonseed meal was treated with a 
solution of ferrous sulfate to prevent any possible deleterious effect 
from the free-gossypol it contained. 
The pigs fed the mixture ate 12.2 percent more feed daily a head, 
gained 1 !l.7 percent more rapidly, were ready [or market I 9 days 
earlier, on the average, and required ~.2 percent less feed per unit 
of gain than those feel soybean oil meal as the only protein concentrate. 
With other feeds at the prices used and with only the amounts of feed 
per unit of gain considered, the mixture of equal weights of linseed 
and cottonseed meal was worth 12.71 percent more a pound than expeller 
or 41 percent protein soybean oil meal. 
Like the inclusion of oats, the inclusion of a combination of linseed 
and cottonseed meal in the ration did not result in optimum growth 
or prevent the occurrence of unthriftiness or a tendency toward rough-
ness of the skin, excessive fatness or impaired respiration in some of 
the pigs. No data to see whether a cumulative favorable effect from 
including both, other plant protein concentrates and oats in the ration 
were secured. 
An Animal Protein Concentrate Fed With Soybean Oil Meal 
A number of experiments were conducted in which soybean oil 
meal alone was compared with a mixture of soybean oil meal and an 
animal protein concentrate for feeding with corn, ground alfalfa, 
minerals, and irradiated yeast to pigs in dry lot. Sixty percent protein 
meat scraps were used as the animal protein concentrate in eight of 
these comparisons. The results obtained from including some meat 
scraps in the ration are shown in Part A of Table 15. In one of the 
eight comparisons the meat scraps and soybean oil meal were fed in a 
1:2 ratio. In the others equal weights of each were used. 
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The pigs given meat scraps ate 16.9 percent more ieed daily a 
head, gained 20.6 percent more rapidly, were ready lor market 25 days 
earlier, on the average, and required 2.5 percent less Jeed per unit of 
gain than those given a similar ration except for the meaL scraps. They 
Table 15.-Feeding an Animal Protein Concentmte with Soybean Oil Meal to Pigs 
in Dry Lot. 
=======================-==~== 
Part A 
Experiments conducted: 
Part A, 19'12 to 1946 
Part B. 1940 to 1946 
Number of compari~ons 
Pigs at start 
Initial weight per pig, lb. 
Pigs at close 
Final weight per pig, lb. 
Average daily gain, lb. 
Days to gain 160 pounds 
Daily feed per pig, lb.: 
'Corn 
Meat scraps 
Fish meal 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Meat scraps 
Fish meal 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Cost of feed per 100 lb. gain 
I 
Corn 
Soybean oil 
meal 
Ground 
alfalfa 
Minerals 
8 
109 
19.R 
93 
20!\.0 
1.07 
150 
3.09 
.8·f 
.17 
.09 
4.19 
288.20 
78.10 
15.91 
8.10 
390.31 
$10.05 
2 
Corn 
Meat scraps 
Soybean oil 
meal 
Ground 
alfalfa 
Minerals 
8 
106 
!)0.6 
92 
212.6 
1.29 
125 
3.87 
Q~ 
.. JI 
.40 
.20 
.06 
4.90 
300.44 
28.89 
30.67 
15.61 
4.97 
380.58 
$10.15 
Part B 
I 
·-----
l 2 
Corn Corn 
Fish meal 
Soybean oil Soybean oil 
meal* meal* 
Ground Ground 
alfalfa alfalfa 
Minerah Mineral~ 
4 4 
56 56 
49.4 49 7 
49 .H 
!W6.3 207.4 
l.l3 1.35 
142 120 
3.29 4.ll 
.40 
.90 .40 
.18 .21 
.10 .07 
4.47 5.19 
292.43 304.44 
29.52 
79.77 29.52 
15.88 15.37 
8.73 5.39 
396.81 384.24 
$10.27 $10.32 
* Toasted solvent extracted soybean oil meal was used in one of the four experiments. 
This made up 24.3 percent ot the total when it was fed without and 24.5 percent 
of the total when it was fed with fish meal. With this exception, expeller soybean 
oil meal was used in the experiments reported in Parts A and B of Table 15. 
Total pig days Lots J and 2 Part A, Lots I and 2 Part B, 14,553, 12,ll0, 7,386, and 
6,344, respectively. Total gain Lots I and A Part A, Lots 1 and 2 Part B, 15,605.0, 
15,577.167, 8,329.0, and 8,565 pounds, respectively. 
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aho grew and developed normally and ~howed no di~cernable evidences 
of main utri tion in any of the compari~ons. 
Part B of Table 15 summari?es i: comparisons of ~oybean oil meal 
and a mixture of equal weights of fish meal and soybean oil meal as 
protein concentrates for feeding with corn, ground altalfa, minerals, 
and irradiated yea~t to pigs in dry lot. The pigs fed the mixture took 
Hi.! percent more teed daily a head, gained 19.5 percent more rapidly, 
were ready for market 22 days earlier, on the average, and required 
:t2 percent less feed per unit of gain than those fed soybean oil meal 
as the only protein concentrate. They grew and developed normally 
and ~howed no indication of malnutrition. 
Using an animal protein concentrate in combination with it is a 
-.imple and effective method of improving soybean oil meal as a high 
protein feed lor dry lot feeding. The data should not be interpreted 
as indicating that optimurn performance will result from the single 
addition or that further improvements are impossible. If or when 
animal protein concentrates are &carce or relatively high in price, 
using them may not be the most feasible or the mo&t economical method 
of improving the ration. Fortunately others are available so the 
feeder is not dependent on a single method of improvement but can 
choose the one which i~ likely to prove the most economical under a 
given set of conditions. 
Ground Alfalfa Increased During Growing Period 
In the experiments reported, ground alfalfa was commonly feel at 
the rate of 4 to 5 percent of the total ration. Usually it was purchased 
as hay and was then ground in a hammer mill as needed. In so far 
as possible, third cutting, fine-stemmed, green, leafy alfalfa hay of 
high quality was used. In a test in which 5 percent was fed to all 
groups, feeding an additional 10 percent to one group until it averaged 
approximately 120 pounds in weight and 5 percent thereafter was tried. 
A commercial meal made from whole, sun-cured alfalfa was feel in this 
particular experiment. Although an effort was made to obtain a good 
product, that secured was of poorer quality than was the alfalfa used 
in the other experiments. It was sold to contain 15 percent of protein. 
It contained l 1.7 percent of protein, 31.0 percent of fiber, and 9,450 
U.S.P. units of vitamin A, and 6.49 milligrams of riboflavin to the 
pound. Table 16 gives the results secured. 
The pigs having a relatively large quantity of alfalfa during the 
growing and a small quantity during the fattening period gained at 
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practically the ~ame average rate and required :~ percent more feed 
per pound ol gain than tho~e having a ~mall quantity lor the entire 
time. 
Some of the pig5 in each group reached a point at which they 
ceased to gain or began losing weight and w were removed from their 
respective lots. In 5ununari7ing the data these were figured as removed 
at the time of their maximum weight on a regular by-weekly weigh day 
or on the same day of an intervening week. Since the amount was not 
known, no feed was deducted to allow for that comumed by them from 
the time of their maximum weight to the time ol their actual removal. 
Table 16.-Additional Ground Alfalfa During Growing Period; and Legume Silage 
When Soybean Oil Meal Is Used as the Protein Concentrate (Entire Time). 
Experiment started: 
December 14, 1943 
Feeds mixed and self Led 
Pigs at start 
Initial weight per pig, lh. 
Pigs at clo~e 
Final weight per pig, lb. 
Ave.-age daily gain, lb. 
Days to gain 160 pounds 
Daily feed per pig, lb. 
Corn 
Soybean oil meal 
Legume silage 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Soybean oil meal 
Legume silage 
Ground alfalfa 
Minerals 
Total 
Cost of feed per 100 lb. gain 
t Fed ad lib. 
Corn 
Soybean 
oil meal 
Ground 
alfalfa 
Mineral~ 
14 
54.6 
9 
220.9 
1.07 
150 
3.15 
.80 
.16 
.08 
4.19 
295.32 
74.34 
14.81 
7.85 
392.32 
$10.07 
2 
Corn 
Soybean oil meal 
Additional 
ground alfalfa* 
Mineral~ 
14 
54.9 
11 
220.8 
1.09 
147 
:us 
.81 
.35 
.08 
4.42 
291.05 
73.95 
32.31 
7.25 
404.56 
$10.29 
3 
Corn 
Soybean oil meal 
Legume silaget 
Ground alfalfa 
Minerals 
14 
:15.0 
10 
209.6 
1.09 
147 
3.05 
.77 
.08 
.15 
.08 
4.05+ 
278.82 
70.45 
7.61 
14.07 
7.42 
370.76+ 
$ 9.54 
,. Fifteen instead of five percent of ground alfalfa fed until group averaged 125 
pounds in weight. 
+ Not including the legume silage. The silage was a mixture of clover and alfalfa. 
Total pig days, Lots l, 2, and 3, 1722. 1918, and 1806, respectively. 
Total gain, Lots l, 2. and 3, 1.838.667, 2,096.0, and 1,972.167 pounds, respectively. 
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Comidering only the pigs that remained in each lot at the clo~c 
of the te~t, the pigs fed 5 percent of alialfa for the entire time and the 
pigs fed 15 percent during the growing and 5 percent during the fatten-
ing period made average daily gains lor the entire time of 1.16 and 
1.18 pound~, re1>pectively. 
The data for the growing and the fattening periods are presented 
in Parts A and B of Table 17, respectively. During the growing period 
the pigs fed 15 percent of ground alfalfa gained 3 percent le~s rapidly 
and required 16.1 percent more feed per unit of gain than those fed 5 
percent of alfalfa. During the fattening period, although both lots 
then received the same ration, the pigs that earlier had received 15 
percent of alfalfa gained 7 percent faster and required 5.7 percent less 
feed per 100 pounds of gain than those that earlier had received 5 
percent of alfalfa. Doubtless their thinner condition at the beginning 
of the fattening period was partially responsible for the better showing 
made by the pigs previously having the higher level of alfaHa. Thin 
pigs gain faster and require less feed per unit of gain than fatter ones 
of similar weight. Possibly a greater ingestion and storage of vitamins 
during the growing period was another factor involved. 
Good quality alfalfa and other leguminous hays have a number of 
characteristics which make them benificial for feeding in limited 
quantities with corn or other grains to pigs in dry lot. They are much 
higher in minerals, particularly calcium, than are the grains. They 
contain a higher percentage of protein. Furthermore, the proteins in 
them are relatively high in some of the essential amino acids or 
protein fractions in which the grains are low. Good quality leguminous 
hay is an excellent source of carotene or vitamin A. This is of less im-
portance when yellow corn is feel than when white corn or other grains 
are used. When the hay is sun-cured it supplies some vitamin D. How-
ever, vitamin D, or its equivalent, can easily be supplied in other ways, 
such as by exposure to sunlight or through the use of a very small 
quantity of irradiated yeast or irradiated ergosterol. Good quality le-
guminous hay is also beneficial as a source of B·complex or water 
soluble vitamins. Perhaps this is the most important contribution made 
by alfalfa to a dry lot ration. The amounts of the various needed nu-
trients supplied by leguminous hay depend on its quality and on the 
quantity included in the ration. Fairbanks, Krider, and Carroll (4) 
found that the addition of 10 percent of ground dehydrated alfalfa 
to a basal ration of yellow corn, 59.0; wheat middlings, 15.0; soybean oil 
meal, 12.5; tankage, 8; fish meal, 3.5; fortified cod liver oil, 0.5; iodized 
salt, 0.5; limestone, 0.5; and bone meal, 0.5, which otherwise was in-
adequate for pigs in dry lot, enabled the pigs to thrive and to develop 
normally. 
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Table 17.-Additional Ground Alfalfa During Growing Period; and Legume Silage When Soybean Oil Meal Is Used as the 
Pt·otein Concentrate. 
I Growing Period Fattening Peri<:!d 
1 2 
' 
I 2 3 
Corn Corn Corn Corn Corn Corn 
Soybean Soybean Soybean Soybean Soybean Soybean 
oil meal oil meal oil meal oil meal oil meal oil meal 
Additional Legume silage Legume silage 
Ground Ground Ground Ground Ground Ground 
alfalfa alfalfa alfalfa alfalfa alfalfa alfalfa 
Miucra1s Minerals Minerals Minerals MtneraJs* Minerals 
Pigs at start 14 14 14 13 14 I 14 Initial weight per pig, lb. 54.6 54.9 51.0 127.7 122.3 119.; 
Pigs at close 14 14 14 9 II 10 
Final weight per pig, lb. 116.7 122.3 119.; :!20.9 220.8 209.6 
Average daily gain, lb. .99 .96 1.02 1.15 1.23 1.16 
Daily feed per pig, lb.: 
Corn 2.24 2.27 2.32 4.1: 4.14 I 3.74 Soybean oil meal .71 .74 . 74 .88 .88 .80 
Legume silage .08 .09 
Ground alfalfa .16 ,')4 .16 .16 .Hi .14 
Minerals .06 .05 .07 .10 .10 .10 
Total 3. i 7 3.60 3.29+ ) .2fi 'i .28 4.77+ 
Feed per 100 lb. gain, lb.: 3 57.24 337.00 323.09 
Corn 226.-18 2) 5.02 206.48 7~.19 71.88 68.91 
Soybean oil meal 72.28 76.48 72.28 7. 58 
Legume silage 7.64 
Ground alfalfa 16.06 i i .96 16.06 1,.69 12.91 12.38 
MinerC~ls 6.43 5.60 6.43 9.B 8.61 8.25 
Total 321.25 373.05 321.25+ 456.25 430.40 412.63-1-
Cost of feed per 100 lb. gain $ 8.3} $ 9.45 $ 8.35 $! 1.64 $10.98 I $10.55 
--- -·----------
* Fed additional ground alfalfa during the growing period bUL the same as Lot l during the fattening period. 
+ Not including the legume silage. 
Commercial sun-cured alfalfa meal was used. It contained ll.i5 percent of protein, 30.97 percent of fiber. 9,4.'10 units of 
\'itamin A per pound, and 14.3 units of riboflavin per gm. It was rather brown in color and, as the protein analysis imli-
cates, rather stemmy in character. 
.\. disadvantage of large quantrue~ of leguminous hay for growing 
and fattening pigs is that hay is relatively high in fiber. As the fiber 
in the ration increases the rapidity of the gains and the gains per unit 
of feed, exclusin: of the fiber, decrease. In a test in which ground 
alfalfa was used to vary the fiber, Vestal (2-t) fed pigs, started at 95 
pounds, rations containing 2, 5, 7.5, and 10 percent of fiber. The 
groups as named gained 2.i:2, 2.31, 2.19, and 1.53 pounds daily a head 
and required 391, 397, 101, and 509 pounds of feed, on a fiber-free 
basis, for each 100 pounds of gain produced. In a test with pigs 
started at an aYerage weight of approximately 50 pounds, Robison ( 19) 
used peanut hulls to vary the fiber content and fed rations containing 
0.75, 3.0, 6, and 9 percent of fiber. The groups as named gained 1.53, 
1.43, 1.25, and 1.22 pounds daily a head and, on a fiber-free basis, re-
quired 336, 361, 395, and "107 pounds of feed per 100 pounds of gain, 
respectively. Oat hulls were also used as sources of fiber by both in-
vestigators with similar results. Ellis, Zeller, and King (3) feel growing 
and fattening pigs rations containing 0, 5, 10, 15, and 20 percent of 
ground alfalfa. Beyond the 5 percent level, as the percentage of ground 
alfalfa in the ration increased, both the rapidity of the gains and the 
gains per unit of feed decreased. 
Usually a relatively high level of vitamins and minerals in alfalfa 
or other leguminous hay is associated with a low fiber and a high 
protein content. These are the characteristics which make the hay of 
value for pigs. Alfalfa hay of average quality contains approximately 
15 percent of protein and 29 percent of fiber. Whether that higher in 
fiber and lower in protein than the average is of sufficient worth to 
justify its use for pigs is questionable. Feeding low grade leguminous 
hay tends to defeat the purpose for which the hay is used. 
Swine producers ·who grow some alfalfa or other leguminous hay 
and who save some of high quality from the second or third cutting 
for their pigs can convert corn, soybean oil meal, and minerals into 
an effective ration for dry lot feeding. Possibly a ration of this kind 
containing enough good leguminous hay to provide ample quantities of 
the various nutrients required would be too high in fiber to result in 
the maximum rate of gain. Although leguminous hay is beneficial for 
pigs in dry lot it is not needed by pigs having plenty of good pasture. 
Legume Silage Provided 
Legume silage is sometimes available or could be made available 
for pigs. Feeding legume silage in place of all of the ground alfalfa 
was not tried. However, in the test reported in Tables 16 and 17 one 
group of pigs was feel the basal ration which contained 5 percent of 
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dry alfa1fa and besides W<ts giYen whatever legume silage they cared 
for. The silage was made from a mixture of medium red clover and 
alfalfa. Since silage is high in moisture, it was not mixed with the 
other feed hnt was kept before the pigs in a trough. The dry feed was 
self fed. 
The pigs having access to it ate only 0.()8 pound of legume silage 
daily a head. During· the growing period there was practically no dif-
ference in either the rapidity of the gains or the amount of gain per 
unit of feed between the pigs having and those not having access to 
legume silage. During the fattening period the two groups continued 
to gain at practically the same rate. However, with the silage included 
and converted to an equivalent moisture basis, those having access to 
it required 8.9 percent less feed per 100 pounds of gain than those 
having no legume silag·e. That so small a quantity of silage was solely 
or largely responsible for the difference seems doubtful. 
Legume silage was eaten readily by sows during the winter gestation 
period. They were not full fed. By limiting their feed, growing and 
fattening pigs could be kept hungry and probably made to consume 
reasonable quantities of legume silage. Apparently, ho;vever, full fed 
growing and fattening pigs which do not need it to satisfy their ap· 
petites will not eat more than a very limited quantity of leg·ume silage 
of their own volition. If some plan of forcing seH or full feel pigs to 
take larger quantities of legume silage than they will consume of their 
own accord could be worked out the silage would be expected to have 
a beneficial effect and to be a satisfactory substitute for dry ground 
alfalfa in the ration. 
Dried Brewers' Yeast, or B Complex Rich Material Added to Ration 
Yeast is rich in water soluble vitamins or vitamins of the B complex. 
Dned brewers' yeast was feel at the rate of 1.5 percent of the total feed 
or an average of 6.6 percent of the supplemental mixture in one ex-
periment. The various groups of pigs in the experiment were hand fed 
or were given what feed they would clean up readily twice daily. Part 
A of Table 18 gives the results secured. 
The pigs having 1.5 percent of dried brewers' yeast in their ration 
gained very little faster and required practically the same amount of 
feed per 100 pounds of gain as pigs having the same ration without 
the yeast. 
In two other trials dried brewers' yeast was fed at the rate of 2 
percent of the total feed. This averaged 7.8 percent of the supplemental 
mixture. The pigs were self fed. Part B of Table 18 summarizes the 
results of the two trials. 
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Table 18.-Dried Brewers' Yeast ·with a Protein Concentl"ate of Soybean Oil Meal. 
Part A P.trt B 
Dncd hrnvcrs' yeast, 1.1 percent Dncd hiL\\CI'~· Yi'it .. t, 2.o pL·rct nt 
Experiments conducted: 
Part A, 19-B; pigs hand fed 
Part B, 1943 and 1941; pigs self fed 
Number of comparisons 
P1gs at start 
Initial \veight per pig, lh. 
Ptgs at close 
Fmal wt;ight per pig, lh. 
Average daily gain, lb. 
Days to gain lf\0 pounds 
Dailv feed per pig, lb.: 
Corn 
Dncd br~wers · yeast 
lvfeat scraps, 60 percent 
Soybean 01l meal 
Gwur:d alfalfa 
MJnerals 
Total 
Feed per 100 lb. gain, lb.: 
C::>rn 
Dried brewers' yeast 
Meat scrJ.ps, hO percent 
Soyb"an oil meal 
Ground alfalfa 
Minerals 
Total 
Cost of feed per lf)t] lb. gain 
I 
Corn Corn Cotn Corn 
I 
Dried Dried 
brewers' yeast brewers' yeast 
Soybean Soybean Soy beau Soybeatt 
oil meal oil meal oil meal oil meal 
Ground Ground (;round Ground 
alfalfa alfalfa alfalfa alfdl!:t 
Mmcrals Mmerals Mmerals M!tlcrrtl~ 
-'---- Hand fecl__ _____ l _______ ~~ fed 
13 
)4.) 
12 
204.2 
1.04 
1H 
3 14 
.69 
.16 
.OS 
4.117 
llll.o2 
60. )} 
l; .67 
7.83 
391.(;5 
$ 9.98 
1 J 
);.) 
13 
204.~ 
1.07 
EO 
3. '21 
.06 
.r-4 
. I 7 
.08 
4.16 
301.04 
5.85 
59.34 
15.61 
7.80 
390.14 
$10.34 
2R 
s; .~ 
22 
212.9 
LOS 
149 
3. 1 i 
.8, 
. I 7 
fi'J 
4.2" 
292.70 
7>U> 
1U7 
X. i.i 
394.63 
$111.1•\ 
2S 
54.1 
2i 
212.7 
1.20 
!H 
.l.17 
,1)9 
.80 
.17 
.09 
-L-}2 
280.1-\6 
7. ;::; 
(if)_'); 
14.(>1 
7. 77 
377.32 
S!O.f6 
<:11!!1 
Meat scraps 
Soybean 
oil meal 
Ground 
alf.tlt<t 
Mmt~ral;;; 
2q 
54.4 
'27 
21';.(, 
1.32 
122 
7>.9i 
.•...: 
. ~" 
.lq 
.07 
4.CJlJ 
30il.'H 
2'i.)) 
2~. 'i) 
14.71 
4.97 
377.74 
SHI.IIi 
Total pig days, Lols l and 2 Part A, Lots l, 2, and 3 Part B, 17 50, 1820, 3610, 3:}·12, and 331 I, respectiYeh. Total gain, l.oh 
and 2 l>an A, Lots l, 2, and 3 Part B, 1819.5, 1940.833, 3922.5, 42·16.0, and 4:l73.833 pounds, te~pectively. 
In the two experiments the pig> fed the dried brewers' yea:-.t ate 
GA percent more iced daily a head, gained ll.l percent faster, were 
ready for market 15 clays earlier and required ·lA percent less feed per 
unit of gain than those fed the same ration without the yeast. Fewer 
of the pigs fed yeast were remoYed from the lots because of ceasing to 
thrive. The ration was definitely improved by the addition of the dried 
brewers' yeast. 
\Vithout the support of further work, probably too much emphasis 
should not be placed on the differences in results from feeding dried 
brewers' yeast at the 1.5 and 2.0 percent levels in different experiments. 
Factors other than the percentage of yeast, such as differences in the 
storage of water soluble vitamins in the bodies of the pigs at the begin-
ning of the tests could have been partially or wholly responsible for 
the differences secured. 
The pigs having dried brewers' yeast with a protein concentrate 
of soybean oil meal in a ration otherwise made up of yellow corn, 
ground alfalfa, minerals, and a minute quantity of irradiated yeast to 
supply vitamin D made as much gain per unit of feed but gained less 
rapidly and were not ready [or market until 12 days later than pigs fed 
a protein concentrate composed of equal weights of soybean oil meal 
and 60 percent protein meat scraps. 
Yeast Grown in Feed, After Water is Added 
Adding water and growing yeast in the wet feed was tried in six 
experiments. Since it was necessary to feed the wet feed in a trough, all 
o[ the groups in the first experiment were hand feel or given what feed 
they would clean up readily twice daily. This was the same experiment 
in which 1.5 percent of dried brewers' yeast was included in the ration 
for one group. 
At the start of the tests, a three-cent cake of yeast was obtained 
from the grocery. Half was crumbled and stirred in the wet feed to 
be fed in the evening feed 24 hours later and half in the succeeding 
or morning feed. After the start and after water was added to the new 
feed some of the wet mash was poured from the feed for one time into 
that to be used 24 hours later. Thus, some of the growing or live yeast 
was transferred from the feed for one day to that for the next. In winter 
or when the weather was cool it was necessary to keep the wet feed in 
a heated room or at a temperature which permitted the yeast to grow. 
Usually the culture was renewed with a fresh cake of yeast approxi-
mately once a month. Whether the yeast was growing was indicated by 
the carbon dioxide bubbles given off, by the fluffing up of the feed and 
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IJ\ the wtcll of the growing yeast. The pig.'> were carried from approxi-
n~atcly 50 to 210 pounds in ·weight. 
In the experiment in which the pigs were given what feed they 
would dean up readily t\\·ire daily, those haYing the wet lced contain-
ing the grmving yeast ate 6.1 percent more feed daily a head, weighed 
dry, gained 8.7 percent more rapidly, were ready for market 12 days 
earlier and required 2.2 percent less feed per unit of gain than those 
given the same feed dry and without the yeast. The results of the test 
arc given in Part A of Table 19. 
In the other five experiments the groups getting the wet feed con-
taining the growing yeast were full fed twice daily but the other groups 
were self feel. Nevertheless in each of the five trials without exception 
the pigs on the wet feed containing the growing yeast made faster gains 
and greater gains per unit of feed than those on the dry feed without 
the yeast. The results are summarit.ed in Part B of Table 19. 
The pigs given the wet feed containing the growing yeast ate 2.7 
percent more feed daily a head, gained l2A pen·ent more rapidly, were 
ready for market 16 days earlier and required 8.9 percent less feed per 
unit of gain, on the average, than the pigs self fed the ~ame ration dry 
and without the yeast. 
The pigs on the wet feed containing the growing yeast grew nor-
mally and showed no evidence of a deficiency in their ration. Thirteen 
out of 82 or 15.9 percent of those on the dry feed and three out of 82 
or 3.7 percent of those on the wet feed containing the growing yeast 
were removed during the course ol the experiments because they had 
ceased to gain or ;vere losing weight. Two others in a group receiving 
yeast were removed. One of these developed pneumonia early in the 
experiment. The second one developed prolapsus ani. 
The plan of growing yeast in the wet feed changed a mixture of 
yellow corn, soybean oil meal, ground alfalfa, minerals, and a minute 
quantity of irradiated yeast for vitamin D from an inadequate to an 
effective ration for dry lot feeding. It is not adapted to a self feeding 
program but could often be used to advantage by those who feed their 
pigs twice daily. The cost is negligible and under these conditions little 
or no extra work would be involved. If ear corn were fed, probably 
some carbonaceous feed would need to be mixed with the supplement 
in order to provide a suitable medium for the growing yeast. Some 
ground oats, some wheat middlings, or a small amount of ground shelled 
corn could be used for this purpose. 
Condensed Fish Solubles Incorporated in Ration 
Condensed fish solubles is the semi-solid product left after a portion 
of the water has been evaporated from the liquid material resulting 
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Table 19.-Adding Water and Growing Yeast in the Wet Feed When Soybean Oil Meal Is Usecl as the Protein Concentrate 
EJ<.periments conducted: 
Part A, 1943 
Part B, 1943 to 1946 
Nurilbct of compansons 
P1gs at start 
Initial wctght per pig, lb. 
P1gs at close 
Final weight per ptg, lb. 
Average daily gain, lb. 
Days to g1in 160 pounds 
Da.ly feed per p1g, lb.: 
Corn 
Meat scraps 
Soybean ml meal 
Ground alfalfa 
Mmerals 
Total 
Feed p•r 100 lb. gaiu, lb.: 
Corn 
Meat scraps 
Soybean ml meal 
Ground alfalfa 
Mmcrals 
Total 
Cost of feed per 100 lb. g:1in 
Part B rarr t"\. L_ 
Dry feed hand fed ' ----,--------;------Dry feed self fed 
1 
Corn 
Soybean 
oil meal 
Ground 
alfalfa 
Minerals 
Hand fed 
I 
11 
)..f.) 
12 
204.2 
1.<14 
114 
3.I4 
.69 
.IIi 
.08 
4.07 
301.62 
66.53 
I5.67 
7.83 
391.65 
$ 9.98 
0 
Corn 
Sovbean 
oil meal 
Ground 
alfalfa 
Mt11crals 
Growing 
yeast 
Hand fed 
1 
13 
5).7 
12 
203.) 
1.13 
142 
3.32 
. 74 
.I7 
.09 
.f.32 
294.56 
0).51 
1) .32 
7.66 
383.05 
$ 9.78 
1 
Corn 
Soybean 
oil meal 
Ground 
alfalfa 
Mmerals 
I Self fed 
69 
q6 
57 
206 6 
1.13 
142 
3.2~ 
.92 
.IS 
.09 
4.47 
2CJt ;o 
81.27 
15 7U 
8.29 
396.56 
$I0.2l 
' Corn 
Soybean 
oil meal 
Ground 
alfalf,, 
Mmerals 
Growing 
yeast 
Hand fed 
5 
m 
51.0 
()):'. 
210 1 
1.27 
126 
1 17 
.9-t 
.IS 
.10 
4. 59 
265 63 
7}. 73 
14 12 
7. 56 
361.23 
s 9.32 
3 
Cow. 
Meat scraps 
Soybean 
oil meal 
Ground 
alfalfa 
Mmetals 
Self fed 
; 
67 
52.6 
62 
211 2 
1.36 
I13 
4.01 
.·10 
.40 
.20 
.07 
5.08 
294.55' 
2Q.41 
2{}.-tl 
14.75 
-t.s; 
372.95 
s 9.97 
" One of these removed because of prolapsus ani, and another bec.ause of pneumonia, which developed early in the expelimcnt. 
Total pig day~. Lots I and 2 Part A, Lot~. I, 2, and 3 Part B, 1'/50, l.iR2, 8729, R2i4, and 7·176, re,pectively. Total gain, Lob 
I and 2 Part A, Lots 1, 2, and 3 Part B, 1819.5, 1783.833, 9'143.0, 1050.3.167, and 10192.0 lb., le,pecthely. 
from the removal of oil from fish, fi.,h cuttings or fi~h waste by means 
of hydraulic pre~ses. Protein makes up approximately 30 and the entire 
dry matter or solids approximately 50 percent of the weight of con-
densed fish solubles. This is equivalent to a protein content of 52 per-
cent on a 10 percent moisture basis. Condensed fish solubles is fed pri-
marily as a source of water soluble or B complex vitamins. It contains 
vitamin B12, APF or the animal protein factor, is high in riboflavin, 
pantothenic acid, and choline and is especially high in niacin. As with 
other feeds, the amounts of water soluble vitamins present vary in 
different samples from the same source and in supplies from different 
sources. 
In a trial reported in Part A of Table 20, condensed fish solubles 
were fed at the rate of one pound to each 8 pounds of soybean oil meal. 
This averaged 8.64 percent of the supplement and 2.43 percent of the 
total feed. The pigs having the condensed fish solubles at this rate 
did better than those on the same ration without the fish solubles but 
not as well as pigs without fish solubles fed a protein concentrate consist-
ing of equal weights of soybean oil meal and 60 percent protein meat 
scraps. They ate 15.3 percent more feed daily a head, gained 15.6 
percent more rapidly and were ready for market 21 clays earlier but 
required within 0.7 percent as much feed per unit of gain as the pigs 
on the same ration without the condensed fish solubles. On the other 
hand, they ate 3.3 percent less feed daily a head, gained 6.7 percent 
less rapidly, were ready for market 8 days later and required 3.5 percent 
more feed per unit of gain than the pigs without fish solubles and 
having a protein concentrate consisting of equal weights of soybean oil 
meal and 60 percent protein meat scraps. 
Part B of Table 20 summarizes the results of two experiments in 
which condensed fish solubles were fed at the rate of one pound to each 
5 pounds of soybean oil meal. This averaged 13 percent of the supple-
ment or 3.7 percent of the total feed. 
As indicated by a smaller number of pigs removed because they 
ceased to thrive, by more feed consumed daily a head, by faster gains 
and by greater gains per unit of feed consumed, including condensed 
fish solubles in the ration improved it materially. 
The pigs feel the condensed fish solubles and soybean oil meal in 
the 1:5 ratio did practically as well as the pigs fed soybean oil meal 
and 60 percent protein meat scraps in a l: I ratio. They ate 3.3 percent 
more feed daily a head, gained 2.2 percent more rapidly and were 
ready for market 2 days earlier but took 1.5 percent more feed per unit 
of gain. These differences were small. Since the slightly faster gains of 
one group tended to offset the slightly lower feed requirement per unit 
of gain of the other they were regarded as inconsequential. 
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Table 20.-Condensed Fish Solubles with a Protein Concentrate o{ Soybean Oil Meal. 
=========================o===========--
Part A Part B 
Ratio of fish solubles to soybean 01l meal, 1:8 Ratto fish soluble6 to soybedn otl meal. 1 :) 
---~--------
1 2 3 1 2 3 
Corn Corn Corn Corn Corn Corn 
EAperirncnts conducted: Condensed Meat scraps Condensed Meat scraps 
Part A, started Dec. 4, 1945 fish so1ub1es fish solubles 
Part B. started Dec. 5, 19H Soybean Soybean Soybean Soybean Sovbean Soybean 
and July 2, 1946 oil meal oil meal oil meal oil meal oil meal oil meal 
Ground Ground Ground Ground Ground Ground 
alfalfa alfalfa alfalfa alfalfa alfalfa alfalfa 
Minerals Minerals Mmerals Minerals Mmcrals Mmerals 
Number of comparisons 1 1 I 1 2 2 2 
Pigs at surt l4 14 14 28 28 26 
Imtial we~ght per pig, lb. 51.9 51.7 53.0 J2.1 52.3 53.2 
Pigs at close 13 12 ll B 26 22 
Fmal weight per pig, lb. 207.4 214.0 216.7 208 4 210.7 211.7 
Average daily gain, lb. 1.09 1.26 1.35 1.18 1.41 1.38 
Days to gain 160 pounds 148 127 119 !36 114 116 
Daily feed per pig, lb.: 
Corn 3.!6 L>? 4.05 3.40 3.81 4.04 
Tankage .41 .41 
Condensed fish solubles .12 .19 
Soybean oil meal .89 .97 .41 .96 .98 .41 
Ground alfalfa .17 .20 .20 .18 .21 .21 
Minerals .09 .II .07 .10 .12 .07 
Total 4.31 4.97 5.14 4.64 5.31 5.14 
Feed per 100 lb. gain, lb.: 
Corn 290.53 283.17 299.89 288.99 27ll 26 292.30 
Tankage 30.15 29.67 
Condenoed fish solubles 9. 56 13.85 
Soybean oil meal 81.% 76.50 30.15 81.30 69.25 29.67 
Grc;und alfalfa 15.87 15.76 15.22 15.77 15.08 14.85 
Minerals 8.3 7 8.87 5.07 8. 3 3 8. 52 4. 90 
Total 396.67 393.86 380.49 394.39 I 376.96 371.39 
Cost of feed per 100 lb. gain $10.35 $!0.38 $10.17 $10.18 $10.02 S 9.94 
Fish solubles in supplement, percent 8.64 12.98 
Fish solubles in ration, percent 2.43 I 3.67 
Total pig days, Lots l, 2, and 3 Part A, Lots l, 2, and 3 Part B, 1918, 1624, 1645, 3479, 2940, and 2709, respectively. Total gain, 
Lots l, 2, and 3 Part A, Lots I, 2, and 3 Part B, 2083.833, 2047.667, 2220.833, 4090.333, 4139.833, and 3746.5, pound~, re,pect-
iYely. 
An adequate quantity of condensed fish &olubles made the mixture 
of vellow corn, ~ovbean oil meal, ground alfalfa, minerah, and irradiated 
vedst an effective 'ration for dry lot feeding. Condensed fish solubles can 
~ften be used to advantage by. manufacturers of commercial feeds. Since 
it is ill smelling and since it is a 5oupy product which in small quantities 
would need to be shipped in drums and since it would be difficult to 
mix with other feed& without equipment, it is not particularly ~uitable 
for use in farm mixed supplements. 
Dried Distillers' Grain Solubles Included 
Dried distillers' grain solubles are a product obtained from distilling 
alcohol from grain for beverage or for industrial purposes. In distilling 
procedures water is added to ground grain and the resulting slurry is 
pressure cooked. After the cooked mash has cooled, barley malt is added. 
The ent:ymes of the malt convert the starches of the grain into sugan. 
After further cooling the material is placed in fermentation vats, con-
verted to the desired acidity and "set" with propagated yeast. In the 
fermentation process the growing yeast converts the sugars into alcohol. 
The fermented slurry is run into "wells" from which it is pumped to 
still towers where the alcohol and other volatile constituents are dis-
tilled off. What remains is called "whole stillage." 
"Whole stillage" contains from 5 to 7 percent of solids or dry 
matter. It is passed over screens to remove the coarse grain particles, 
which, when pressed and dried, are known as distillers' dried grains or 
distillers' light grains. The resulting solution which still contains the 
soluble material and the fine particles in suspension that have passed 
through the screens is known as "thin stillage." 
In some instances the thin stillage is centrifuged to remove more 
of the suspended material than is taken out by the screens. With or 
without this step the thin stillage is next evaporated under vacuum 
to a semi-solid syrup. If the thin stillage is centrifuged before evapora-
tion, the semi-solid product contains approximately 45 percent of solids. 
If it is not, the semi-solid product contains approximately 30 percent of 
solids. 
Semi-solid solubles may be mixed with the material that has been 
screened or both screened and centrifuged off and the mixture dried to 
form dried distillers' grains with solubles or distillers' dark grains; or 
they may be dried separately to form dried distillers' grain solubles. 
Dried distillers' grains with solubles can also be produced by mixing 
dried distillers' grain solubles with distillers' light grains. 
Dried distillers' grain solubles are higher in minerals and are much 
lower in fiber than are dried distillers' grains. They are rich in a number 
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Table 21.-Dried Distillers' Grain Soluble• with a Protein Concentrate of Soybean 
Oil Meal. 
Experiments started: 
December ·1. 194ti. 
Julv 2. 1946, and 
December 1\, 1Y46 
Corn 
Soybean 
oil meal 
I Ground alfalfa 
Minerals 
_N_u_n-lb_e_r_·_o_f_c_o_nl_p_a_r-is-o-ns------~~·-n 
Pigs at start I 55 
Initial weight per pig, lb. 49.4 
Pigs at close 47 1 
Final weight per pig, lb. ~ 11.4 j 
Average daily gain, lb. 1.11 I 
Days to gain 160 pounds 1-14 I 
Daily feed per pig. lb.: 
Corn 
Dried distillers' solubles 
Tankage 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Dried distillers' solubles 
Tankage 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Cost of feed per 100 lb. gain 
:\.17 
.87 
.17 
.10 
4·.~ 1 
285.11\ 
78.23 
15.49 
8.38 
387.25 
$10.03 
2 
Corn 
Dried distillers' 
grain solubles 
Soybean oil meal 
Ground alfalfa 
i\1inerals 
55 
-Hl.6 
!iO 
~10.5 
1.34 
120 
3.5£> 
.30 
.87 
.20 
.10 
5.02 
26.~.42 
22.48 
64.67 
15.00 
753 
375.10 
$10.03 
Total pig days, Lots l, 2. and 3, 7385, 6222, and 6188, respectively. 
3 
Corn 
Meat scraps 
Soybean oil 
meal 
Ground alfalfa 
Minerals 
4 
53 
50.0 
49 
214.9 
Ul5 
llY 
~.98 
.40 
AO 
.20 
.07 
.5.05 
295.54 
29.80 
29.80 
15.01 
4.91 
375.06 
$10.05 
Total gain, Lots l, 2. and 3, 8210.333, 8~l24.333, and 8~39.667, lb., respectively. 
of the water soluble vitamins or those of the B complex. They are 
deficient in the same essential amino acids or protein fractions as are 
the grains from which they are derived. 
Four dry lot comparisons of rations of yellow corn, soybean oil 
meal, ground alfalfa, minerals, and irradiated yeast without and with 
dried distillers' solubles included in them and also of a third ration 
which was similar to the first except that the protein concentrate in 
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it umsisted ot equal weights of bO percent protein meat ~craps and 
~oYbean oil meal were made. ln two of the comparisons the dried dis-
tiliers' grain solubles made up a fiith of the supplemental mixture. In 
two thev were fed at the rate of 6 percent of the total leed. 1 n the lour 
thev av~rao·ed ~0.5 percent of the ~upplemental mixture and 6 percent 
• b 
of the total feed. Expeller soybean oil meal was used in three and 
toasted solvent extracted soybean oil meal in one of the comparisons. 
t\ summary of the results secured arc presented in Table ~1. 
The pig> fed dried distillers' grain solubles remained healthier, 
ate 16.5 percent more feed daily a head, gained 20.7 percent more 
rapidly, were ready for market 2--1 days earlier and required 3.1 percent 
less feed per l 00 pounds of gain, on the average, than those fed the 
same ration without the dried distillers' grain solubles. 
Feeding 60 percent protein meat scraps at the same rate as the 
soybean oil meal in one case and including dried distillers' grain 
solubles in the ration in another were equally effective in improving 
the corn, soybean oil meal, ground alfalfa, minerals, and irradiated 
yeast ration for pigs in dry lot. There were practically no difference~ 
in the results secured from the two rations, so far as the feed con-
sumed, the health and well-being of the pigs, the rapidity of the gains, 
or the gains per unit ol feed consumed were concerned. 
Animal Protein Feed and Distillers' Solubles Included 
Since dried distillers' grain solubles and 60 percent protein meat 
scraps each improved the ration, whether a combination of the two 
would bring about a still further improvement was an interesting ques-
tion. During the winter of 1947-1948 an experiment was conducted in 
which a ration of yellow corn, dried distillers' grain solubles, soybean oil 
meal.. ground alfalfa, minerals, and irradiated yeast was compared 
with a similar ration except that in it the protein concentrate consisted 
of equal weights of 60 percent protein meat scraps and soybean oil meal. 
Table 22 summarizes the results secured. 
The pigs having both meat scraps and dried distillers' grain 
solubles ate ll.8 percent more feed daily a head, gained 15.4 percent 
more rapidly, were ready for market 18 days earlier and required 3.9 
percent less feed per unit of gain than those having only the dried 
distillers' grain solubles included in the ration. 
In an experiment conducted during the winter of 1948-1949 one 
group of pigs was fed a basal ration of yellow corn, dried distillers' 
grain solubles, soybean oil meal, ground alfalfa, minerals, and irradiated 
yeast. Another group was fed the same ration except for the protein 
concentrate. It consisted of a mixture of 60 percent protein meat scraps 
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Table 22.-;\leat Scraps with Soybean Oil Meal when Dried Distillers' Grain Solublcs 
Are Included in the Ration. 
Started December 2, 19.ti 
Feeds rn ixetl and self fed 
Pigs at stan 
Initial weight per pig, lb. 
Pigs at close 
Final weight per pig. lb. 
.-\\erage daily gain. lb. 
Days to gain lilll pounds 
Daih feed per pig. lb.: 
Corn 
Dried distillers· solublcs 
Meat scraps 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Dried distillers' solublcs 
Meat scraps 
Soybean oil meal 
Ground alfalfa 
Minerals 
Total 
Cost of feed per 100 lb. gain 
Corn 
Dried distillers' 
grain solubles 
Soybean oil meal 
Ground alfalfa 
;'lfinerals 
14 
!ii.D 
H 
~14.H 
1.2:\ 
1:11 
:U6 
.2:) 
.74 
.2~1 
.09 
4.65 
274.60 
18.98 
60.!4 
!8.98 
6.95 
379.65 
$ 9.97 
Total pig days, Lots 1 and 2, 1862 and 1540, respectively. 
Corn 
Dried distillers' 
grain solubles 
Meat scraps 
Soybean oil meal 
Ground alfalfa 
Minerals 
~ t) ... 
• l...,./ 
1.12 
113 
~}.~}~ 
.,-·~" 
.:lO 
AO 
.26 
.06 
:>.20 
1.)""" ... ') .. 
...,Ja . ..,t> 
18.24 
20.77 
27.78 
18.24 
4.45 
364.73 
$ 9.85 
Total gain, Lots 1 and 2, 2281.331! and 2193.667 pounds, respectively. 
and 41 percent protein soybean oil meal in a ratio supplying approxi-
mately equal amounts of protein from each. Another group was fed 
the same ration as the one just mentioned except that it contained no 
dried distillers' grain solubles. The results from the use of the three 
rations are reported in Table 23. 
Unlike the xesults of the previous experiment, there was no benefit 
from including meat scraps in the ration when it contained dried dis-
tillers' grain solubles. On the other hand, when the ration contained 
meat scraps, fully as good results were obtained without as with dried 
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Table 23.-A Vitamin R1 ~ Supplement and Lysine ·with Dried Distiller;' Grain Solubles When Soybean Oil Meal Is Used as 
the Protein Concentrate. 
Started November 30, 1948 
Feeds mhed and oelf fed 
Pigs at start 
Initial weight per pjg, lh. 
Pigs at close 
Final weight per pig, lh. 
Average daily gain, lb. 
Doys to gail! J 60 pounds 
Daily feed per pig, lb.: 
Corn 
Dried distillers' grain solu~1Ics 
Meat scraps ( 60 percent) 
Soybean oil meal 
B12 supplement 
Ly~ine 
Ground alfatfa 
Minenls 
Total 
Fe•d per 100 lb. gain, lb.: 
Corn 
Dried distillers grain solubles 
Meat scraps ( 60 percent) 
Soybean oil me~l 
B12 supplement 
Lysine 
Ground alfa!fa 
Miraerals 
Total 
Cost of feed per 100 lb. gain 
-~------- ------------ -· -----------
) ___ ~-~--~~--~ __ 2 __ ~---~--=~~~--~-]=~; I 
Corn, dncd dJ:,tdlen,· ~ram solubles*, ::.oyhean ml me,\L gr.nmJ 
mtncr<Jls, :md JrradJatc~l yeast 
~-~------------. -~-----
I Vitamin B1., V•tamm Bl~ I Meat 
supple-ment supplem.ent scraps 
and lys1r.e 
----
!) I; ]) I; 
49.0 49.0 .tx.:; 49.) 
]) I 5 14 J.l 
219.6 212.7 2l2.f\ ~ 1:!.~ 
1.35 1.56 1.43 1.35 
119 101 I 112 J 19 3.M 4.1o I ; 'lA ;_ ~2 
.2) .29 I .27 .2) 
.2() 
.RI .90 .'H .40 
.0:! .rn 
Jll 
.2) .29 .27 . ~; 
.10 .II .10 .on 
1.07 ).77 ) \/) ; .07 
2 70.37 267.12 2f1lJ.12 2Xl.)tl 
18.73 18.5 I I R <'8 IX. 70 
21.42 
59.S I 57.74 ;s.oo 29.14 
1.4R 1.49 
. 75 
18.7) J,~.ll I lq_(,R I 
IR.?Io 
6.92 6.84 6 sr; 4. )9 
374.56 370.20 I 373.58 374.11 $ 9.84 $ 9.fi8** '1i 9. 7)*"'* 510.11 
alfalfa. 
Meat scraps 
without 
dried 
distillers' 
grain 
s<>lubles 
I; 
4CJ 4 
]) 
217.; 
1.41 
114 
4.1A 
• ; -1 
.4fi 
.21\ 
.07 
l.29 
2')4.19 
24.01) 
~2.R~ 
lR. 73 
4.92 
374.69 
s 9.88 
" Except Lot 5. *"'With no charge included for the vitamin B 1 ~ ~upplement. u~"'ith no charge included for vitamin H1 ~ 
supplement and the lysine. 
Vitamin B12 supplement wa~ originally called APF or animal protein factor concentrate. 
Total pig days, Lots I, 2, 3, 4, and 5, 1890, 1575, 1652, l70S, and 17Sii, Jc,pcctivcly. Total gain, Lot' I, 2, 3, ~. and ii, 2:i.)fi.O. 
24.~4.333, 2370.333, 2314.0, and 2.~21.0 pounds, 1·espectively. 
distillers' grain solubles included in the ration. The pigs used in both 
this and the preceding experiment were on pasture until they were 
started on the tests at approximately 10 weeks of age. Further trials 
will be necessary to determine the advisability of including both dried 
distillers' grain solubles, or other materials rich in water soluble 
vitamins, and meat scraps, or an animal protein concentrate, 111 a corn, 
soybean oil mea I, ground alfafla, minerals ration for dry lot feeding. 
APF Concentrate and Distillers' Solubles Used 
Two additional groups of pigs were included in the experiment 
carried on during the winter of 1918-1949. One of these was fed the 
basal ration plus 0.4 percent of an animal protein factor, APF concen-
trate, or vitamin Bt~ supplement. The other was fed the basal ration plus 
Figure 3.-(top) Lot 6, Corn, meat scraps-60 percent, soybean oil meal, ground 
alfalfa, irradiated )east, minerals. Av. daily gain, 1.45 lb. Feed pet· 100 lb. 
gain, 373 lb. 
(bouom) Lol .~, corn, dried distillers' gTain solubles, soybean oil meal, 
ground alfalfa, irradiated yea3L, minerals. Av. daily gain, 1.21 lb. Feed per 
100 lb. gain, 383 lb. 
0.4 percent of the animal protein factor concentrate and 0.2 percent of 
synthetic el-l lysine monohydrochloride. 
The animal protein factor concentrate used was supplied through 
the courtesy of i\lerck and Company, Inc., Rahway, New Jersey. It con-
tained 2 milligrams of vitamin B1~ activity to the pound. The pigs 
having the animal protein factor concentrate ate 13.8 percent more 
feed daily a head, gained 15.6 percent more rapidly and were ready for 
market 16 days earlier than those on the same ration without it. The 
difference in the feed required per 100 pounds of gain produced was 
negligible. It was in favor of the ration containing the concentrate but 
amounted to only 1.2 percent. 
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The b,t~al 1 at ion to '' hich the animal p10tcin LtctOJ concentrate 
wa~ added cont,tined 5 pe1cent ol dried di~tille1~' g1ain ~oluble> and 
5 percent oi good yuality g10und al!al!a. It 1\',\~ ,t ration 1\'hich in 
pteYiom experiment-. wa~ lully a> eftective a' one containing a~ much 
protein JJ om meat ~o ap> or an animal protein concentrate a'> from 
-,o: bean oil meal. 
APF Concentrate, Lysine, and Distillers' Solubles Tried 
The '>ynthetic d-1 ly&ine monohydrochloride u&ed in the experiment 
wa~ supplied by the courtesy ol the Organic Chemical Department, 
E. I. DuPont de Nemoun Company. Lysine is one oi the amino acids or 
protein iractiom that i& e>&ential to animak Plant protein concentrate~ 
may or may not contain adequate quantitic& oi the&e variom e&>ential 
amino acid& lor the health and optimum periormance oi animals. 
The pigs given both the animal protein iactor concentrate and the 
5ynthetic d-1 ly&ine monohydrochlmide in their ration required a> 
much ieee! per 100 pounds oi gain, in iact 0.9 percent more, and made 
no laster gains than those given only the animal protein lactor con-
centrate in addition to the basal ration. Although the findings ol the 
one leeding experiment are not rega1ded as conclusive, they indicate 
that a 1ation of the type used containing &oybean oil meal as the 
protein concentrate is not deficient in lysine. Recently published de-
terminations oi the amino acid content of various leeds show soybean 
oil meal to be as high as dried skimmilk and almost as high as meat 
scraps but not as high as fish meal in lysine. 
Animal Protein Feed and APF Concentrate Compared 
An experiment in which variom materials were tried for ieeding 
with corn, toasted, solvent extracted soybean oil meal, or solvent ex-
tracted cottonseed meal, ground aHalia, minerals, and irradiated yeast 
to pigs in dry lot was started November 29, 1949. Since no soybean oil 
meal was feel to Lot~ l, 2, and ':!-, the data tor these are not included. 
The results lor the other lots are given in Table 24. 
Ground alfalfa and dried distiller&' grain solubles, when they were 
feel, each made up 5 percent oi the ration. vVhen used, the meat scraps, 
which contained 60 percent ot protein, were led at a level that supplied 
approximately the same amount of protein as the soybean oil meal. 
The performance of the pigs in Lot 5, fed the basal ration con-
taining the dried di&tillers' grain solubles, was not equal to that of 
the pigs on a similar ration in the experiments reported in Table 21. 
In the earlier tests and in this one, average daily gains of 1.34 and 
1.21, and feed requirements per 100 pounds of gain of 375 and 383 
pounds, respectively, were obtained. A pig that gained 0.92 pound 
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Table 24.-Cobalt \Vith, and Vitamin B12 Supplements Without and With Dried Distillers' Grain Solubles, When Soybean 
Oil Meal Is Used as the Protein Concentrate. 
3 I 5 I 6 I 7 I 8 I 9 I 10 I II 
E:;..periment started Corn, dried distilJers grain, soluhles, soybcaf1 otl meal, }!round alfalfa, minerals, and uradiatcd _yeast November 29, 1949 
Cottonseed I I The corn was ground and the feeds meal and Meat Meat I B12 suppl. I B12 suppl. B1 ~suppl. ~ were mncd and self fed n12 suppl. scraps* scraps No.2* No. 3 Cobalt No.2 No.2 
' 
Pigs at start 13 13 13 13 13 12 13 13 
lmtial weight per pig, lb. 43.7 45.3 45 .I 45.3 45.0 45.7 45 .u 4) .0 
Pigs at close 13 II ll II 13 12 13 13 
Final weight per pig, lb. 208.8 205.7 207.3 210.3 211.1 210.8 211.9 205.7 
Average daily gain, lb. 1.57 1.21 1.45 1.35 1.48 1.57 1.70 1.53 
Days to gain 160 pounds 102 13 3 Ill 119 108 102 94 105 
Daiy feed per pig, lb.: 
3.72 Corn 4.18 3.31 4.20 4.05 4.15 4.27 3.RO 
Dried distillers grain solubles .30 .23 .25 .30 .27 
Meat scraps, 60 percent .36 .29 .29 
Soybean oil meal . ; 1 .76 .49 .39 1.02 .93 .97 .88 
Cottonseed meal .51 
Vitamin B12 supplement .006 .005 .006 .02 
Ground alfalfa .30 .23 .27 .25 .274 .29 .30 .27 
Minerals .II .09 .08 .06 .11 .12 .12 .10 
Total 5.91 4.62 5.40 4.96 \.48 ). 78 5.98 ).32 
Feed per 100 lb. gain, lb.: 
Corn • 26\.80 273.82 290.20 274.60 273.o3 264.09 2i'0.66 248.2; 
Dried distil1crs grain solubles 18.79 19.1\ 18.34 18.39 17.56 17.37 
Meat scraps, 60 percent 24.80 21.42 
Soybean oil meal 32.38 63.20 33.87 29.24 ;?.02 57.44 
Cottonseed meal 32.38 
Vitamin B12 supplement .37 .37 .37 1.40 
Ground alfalfa 18.79 19.1 i 18.64 18.34 18.47 18.39 17.56 17.37 
Minerals 7.31 7.66 ) .24 4.79 8.64 7.35 7.02 6.95 
Total 3 75.82 382.98 372.75 366.73 369.44 367.83 311.23 347.38 
Cost of feed per 100 lb. gain $10.49 $10.24 $ 9.95 $10.01 $10.12 $10.30 I $ 9.95 $ 9.31 
* \Vith dried distillers' grain solubles omitted from the ration. 
Total pig dJys, Lots 3, 5, 6, 7, 8, 9, 10, and 11 = 1365, 1533, 1456, 1393, 1456, 1260, 1274, and 1305. rcspecti\ely. Total gains, Lots 3, 5, 6, 7, 
8, 9, 10, and II = 2146.0, 18\0.5, 2109.33, 1885.33, 2160.0, 1981.33, 2169.5, and 2088.67, respectively. 
Toasted solvent e.xtracted 44 percent protein soybean oil meal, 60 percent protein meat scraps, and 41 percent protein solvent o .. tractcd cottonseed 
meal were fed. 
To prevent any harmful effect from the free-gossypol it contained, a solution of 0.1 lb. of ferrous '>Ulfate in one quart of water was added to each 10 
pounds of the cottonseed meal before it was mixed with the other feeds. 
A11 ratwns t.ontained 0.01 percent 0f irradiated yeast as a source of vitamin D. ln the table it is indudcd \\'ith the corn, wilh a small quantity of 
which it was pre-mixed. 
Each ration contained approximately 16.) pounds of protein until the pigs in the lot ;wcragcd appro~imatcly 120 pounds in \Hight, and 14.5 percent 
of protein thereafter. 
Cobaltous chloride (CoC1 2 • 6H20) \'-'35 fed at the rate of 0.15 percent of the mineral mixture. The mlllcral mi:\ture for Lot 11 made up 2 percent 
of thdr ratwn. 
Vitamin B12 supplement No. 2, containing 12.5 mi11igrams of B1!! activtty t(> th~ pound, and \.itamtn B1 :! .supplement No. 3, Luntaming appro~J· 
matcly 3 to ..f- milligrams d B12 actiYity to the pound, were fed at the rates of 0.1 end 0.4 percent of .he raticn, respectively. 
daily for the first 14 days gained only 0.27 pound daily for the next 
-:12 days, and so was removed. In the data given in Table 2-1: it was 
figured as out on the 14th day. No feed was deducted for that consumed 
by it during the 42 days. A second pig, which gained 1.25 pounds 
daily and was the best doing one in the lot, for the first 56 days, died 
on the 70th day. It was diagnosed as having died from a hemorrhage 
apparently resulting from a stomach ulcer. If it is assumed that from 
the 14th to the 56th day and from the 56th to the 64th day, respectively, 
the two, as named, consumed half as much feed as was taken daily a 
head by the group, the feed required per 100 pounds of gain produced 
would be 378 instead of 383 pounds. 
A mild infection for a time may have retarded the gains of the 
other pigs in the lot. Regardless of whether the gains made by the one 
pig for the 14 days or by the other for the 56 days were included or 
omitted, the average daily gain for the lot was not changed. The pigs 
remaining in Lot 5 at the close of the experiment gained 1.21 pounds 
daily a head. 
The pigs in Lot 6, fed meat scraps but no dried distillers' grain 
solubles, ate more feed, gained more rapidly, were ready for market 
22 days earlier and made more g·ain per unit of feed than the pigs in 
Lot 5 fed dried distillers' grain solubles but no meat scraps. They 
made more rapid gains but their feed requirement per unit of gain was 
about the same as that of the pigs having dried distillers' grain solubles 
but no meat scraps in the experiments reported in Table 21. 
The pigs of Lot 7 having a combination of meat scraps and dried 
distillers' grain solubles in their ration gained 4.0 percent more slowly 
and were ready for market 8 days later but required 1.6 percent less 
feed per unit of gain than the pigs of Lot 6 having meat scraps but 
no dried distillers' grain solubles. This difference in the rapidity of the 
gains was based on the gains made by the pigs remaining in Lot 7 at 
the close of the test, which was 1.39 pounds daily a head. 
Lot 8 was fed a ration containing 0.1 percent of an APF concen-
trate but no dried distillers' grain solubles. Lot 9 was fed a ration 
containing an equal amount of the same APF concentrate and 5 percent 
of dried distillers' grain solubles. The APF concentrate which is 
designated as Number 2 was supplied through the courtesy of Merck 
and Company, Inc., was derived from the manufacture of streptomycin, 
which was produced with the microorganism Streptomyces griseus by a 
fermentation process, contained fuller's earth as an adsorbate and had 
a vitamin B12 activity of 12.5 milligrams to the pound. 
Including the APF concentrate Number 2 but no dried distillers' 
grain solubles in the ration containing soybean oil meal as the high-
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protein feed was as effective as using meat scraps in combination with 
the soybean oil meal. 
Pigs having both the r\PF concentrate Number 2 and dried dis-
tillers' grain solubles in their ration made virtually no more gain per 
unit o[ feed consumed but took more feed, gained 6.0 percent more 
rapidly and were ready lor market (i days earlier th:tn those having 
only the APF concentrate included in their ration. 
Experiments with poultry and also with pigs, such as those reported 
in Tables 15 and 20 and elsewhere in this publication, showed that 
liver or glandular meal, fish meal, condensed fish solubles, milk, milk 
products, tankage, and meat scraps, though they contain varying 
amounts, are natura 1 sources of a health, reproductive and growth pro-
moting factor, or factors, that is not present in appreciable amounts in 
cereals or in high-protein feeds of plant origin. This factor was given 
various names. It is a vitamin or vitamin complex and not a protein, 
but, since it is closely associated with animal proteins, it was first com-
monly referred to as the animal protein factor, or APF, but is now 
known as vitamin B1~. Yeast and dried distillers' grain soluhles are rich 
in other B vitamins, hut arc relatively poor sources of the vitamin B1~ 
(1, 20). 
vVhen vitamin B 1 " ·was first isolated, it and the animal protein 
factor were thought to be identical. lts isolation enabled various studies 
Figure 4.-(top) Lot 3, com, dried distillers' grain solubles, soybean oil meal, iron 
treated solvent extracted cottonseed meal, ground alfalfa, irradiated yeast, 
minerals. Av. daily gain, 1:57 lb. Feed per 100 lb. gain, 376 lb. 
(bottom) Lot 11, corn, dried distillers' grain solubles, soybean oil meal, 
ground alfalfa, irradiated yeast, minerals containing cobaltous chloride. 
Av. daily g·ain, 1.53 lh. Feed per 100 lb. gain, 347 lb. 
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(otHetning it to be mddc. It \\d'> lound to pt<.:\ent p<.:llllUOll'> ,uwmia in 
human~ (2li, 27) .111d to be e~-.entidl 1m the g1 Oi\ th o[ chi( kem and 
pig'> (2, 9, 11, 15). it \\,t~ dcmothtLttcd to ((muin wb,dt and pho~­
phol m (Hi) . 
Pule vit,unin ll 12 i'> too co'>tl} lm u~e in pl,tttic,d Jatiom lor 
'>\\inc. Fmtunatd~ \ILtmin B12 '>upplemenh have bew111e <t\a!lable and 
can be -,euued ,tt p1ice'> 11hich ,ue not p1ohibiti\c, 1or me in t.ttion~ 
lm ""inc. , \!though thC) \\"Cle med e>..pcl unentally at an earlict date, 
the.,e ~upplement'> fit'>t bcxame :l\aiLtblc to the Iced uadc in the >ummer 
oi 19-l~l. 
The animal ptotcin 1actm, 01 l.tctm~, i'> needed in ld.tiom lor 
poultry and pig'> (10, 1~1, 17). It i> not required in lations lor cattle, 
,heep, and goat'>, 7\Iiuoorg.tni'>lll'> in the tumen oi polyga,tric animah 
5) nthe,i1e it and other v itamino ol the B complex in the icuncntative 
pwce>'>e, ol dige~tion. Hence, e>..cept po,>ibly in the young, belore 
>ynthe'i' lu-. '>tatted, 01 in anima]., on l.ttion., un[avot,tblc to ,ynthc>i,, 
ruminant> ale not likely to ~uffer llom a deficiency oi B \ itamim . 
. \n intClc~ting finding 11·a~ that cow manure wa~ an cf:l:ectivc wurce 
ol the animal protein !actor (7). Thi& explaim why runty pig, oiten 
improve when placed with cattle and ~uggesb that pig~ may ~ometime~ 
be provided with the animal pwtein iactor by allowing them to iollow 
cattle. 
Ruben, BiHI, and Rothchild (21) lound that the animal protein 
lactor Wd> pre&cnt in hen dropping~ but that it was not available to 
the hen ibclL ;\IcGinni&, Stevem, and Grove& (11) iound that the 
iactor was ,ynthesi~:ed in hen leces by bacterial activity alter the leccs 
were voided and that there wa;, a live microorgani;,m in hen ieee;, that 
could produce the iactor. l\Iicroorgani;,m:, have been i'>olated lrom the 
;,oil which in >ttitable media abo produce vitamin B12. 
Some &ynthe;,i;, oi B vitamin& probably including Br~ occm;, in the 
large inte~tine oi swine, pa1ticularly in older animal& and under iavor-
able conditions but apparently the :.ynthe;,i;, does not occur where much 
absorption can take place or el~e often the vitamim are not produced in 
;,ufticient quantities to meet the requirement!> for optimum perionuance. 
Vitamin Br:J supplements arc obtained as lermentation products 
irom the microorganism;, that are used in the production of antibiotics 
such as streptomycin, aureomycin, and terramycin. Usually materials 
which serve a& conditioning agents are added to the dried lermentation 
products. 
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Lot 10 received a ration similar to that fed Lot 9 except that it 
contained a different APF concentrate that was designated as Number 
3. This was a dry concentrate containing some soybean oil meal to make 
it free-flowing. It was supplied through the courtesy of the Lederle 
Laboratories Division of the American Cyanamid Company. It was 
derived from the production of the antibiotic aureomycin through a 
fermentation process by the microorganism S. aureofaciens. It was 
stated to have the equivalent of 3 to 4 milligrams of B1 2 activity to the 
pound of concentrate. The concentrate was fed at the rate of OA percent 
of the total ration. 
Figure 5.-(top) Lot 7, corn, dried distillers' grain solubles, mea.r scraps-60 percent, 
soybean oil meal, ground alfaUa, irradiated yeast, minerals. Av. daily gain, 
1.39 lb. Feed per 100 lb. gain, 367 lb. 
(bottom) Lot 8, corn soybean oil meal, vitamin Bt~ supplement, ground 
alfalfa, irradiated yeast, minerals. Av. daily gain, 1.48 lb. Feed fed per 100 
lb. gain, 369 lb. 
The pigs rece1vmg the APF concentrate Number 3 ate 3.5 percent 
more feed daily a head, gained more rapidly, were ready for market 8 
days earlier and required 4.5 percent less feed per unit of gain than 
the pigs in Lot 9 having the APF concentrate Number 2, but an other-
wise similar ration. 
A pig that failed to gain was removed from Lot 9 after 14 days and 
was figured as out from the start, but, since the amount was not known, 
no feed was deducted for what was consumed by it until it was removed. 
Assuming that it ate as much feed as the others, which is extremely 
improbable, and deducting this amount would result in Lot 9 requiring 
365.5 pounds of feed, or 4 percent more than Lot IO, for each 100 
pounds of gain produced. 
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Apparently the APF concentrate Number 3 possessed a growth or 
health promoting value not possessed by the APF concentrate Number 
2. Such a value could be due to one or more additional factors or to 
an antibiotic effect from aureomycin residues. Except [or the pig re-
moved from Lot 9 on the 14th day, the health of all the pigs in each 
group appeared to be excellent. The results were in accord with the 
findings of Stokstad, Jukes, Pierce, Page, and Franklin (23) who re-
ported that chicks on a corn, soybean oil meal diet which contained 
the other known B vitamins appeared to require some factor in addition 
to vitamin B1~ for maximum growth. 
Figure 6.-(top) Lot 9, corn, dried distillers' grain solubles, soybean oil meal, vitamin 
B 1 ~ supplement, ground alfalfa, irradiated yeast, minerals. Av. daily gain, 
1.57 lb. Feed per 100 lb. gain, 368 lb. 
(bottom) Lot 10, corn, dried distillers' grain solubles ,soybean oil meal, 
vitamin B 1 ~ and antibiotic supplement, ground alfalfa, irradiated yeast, 
minerals. Av. daily gain, 1.70 lb. Feed fed per 100 lb. gain, 351 lb. 
The performance of the pigs in Lot 10 was superior to that of the 
pigs in Lots 6 and 7, which received meat scraps in combination with 
soybean oil meal. Further work is needed to veri( y this but if high-
protein feeds of animal origin supply the same growth and health 
promoting factors as the APF concentrate Number 3 apparently the 
amounts supplied by them are not always adequate for the optimum 
performance of the animals, particularly when the animal protein feeds 
are used in limited quantities or to supply only a part of the supple-
mental protein. 
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Lot 3 was fed a ration in which solvent extracted cottonseed meal, 
that was treated with a solution of ferrous sulfate to prevent any de-
leterious effect from the free-gossypol it contained, was substituted for 
hall of the toasted solvent extracted soybean oil meal. A tenth of a 
percent ol the APF concentrate Number 2 was included in the ration. 
lt produced as rapid gains but hardly as much gain per unit of feed 
as the ration fed Lot 9 in which the high-protein feed consisted of 
soybean oil meal alone. 
Figure 7.-Ration of corn, dried distillers' grain solubles, soybean oil meal, ground 
alfa.Ifa, irradiated yeast, minerals. (left) Without B1 ~ and antibiotic supple· 
ment, av. daily gain, 1.41 lb. and (right) with B 1~ and antibiotic supple· 
mcnt, av. daily gain, 1.72 lb. 
Figure 8.-(left) Corn, dried distillers' grain solubles, soybean oil meal, meat scraps-
60 percent, ground alfalfa, irradiated yeast, and minerals. Av. daily gain, 
1.38 lb. 
(right) Corn, dried distillers' grain solubles, soybean oil meal, vitamin B 1 ~ 
and antibiotic supplement, ground alfalfa, irradiated yeast, and minerals. 
Av. daily gain, 1.72 lb. 
(j() 
Minute Quantity of Cobaltous Chloride in Mineral Mixture 
Lot 11 was fed the same ration as Lot 5 except that 0.15 of one 
percent of cobaltous chloride (CoCl2.6H20) was included in their 
mineral mixture. The mineral mixture was fed at the rate of 2 pounds 
in each 100 pounds of total feed. Cobalt is one of the constituents of 
the rather complex molecule of vitamin B 12 • The pigs having cobalt 
in their minerals gained 26 percent more rapidly and required 9.3 
percent less feed per unit of gain than those on the same ration with-
out it. 
As previously mentioned, the pigs in Lot 5 on the basal ration in 
this experiment failed to do as well as pigs on a similar ration in earlier 
experiments. Using the results of the earlier experiments reported 
in Table 21 as a basis of comparison, the difference in the rapidity of 
the gains and in the amount of feed required per unit of gain was 
14.2 and 7.4 percent, respectively, in favor of the cobalt fed group. 
Figure 9.-Corn, dried distillers' grain solubles, soybean oil meal, ground alfalfa, 
irradiated yeast, iodized salt, limestGne, special steamed bone meal, and 
ferrous sulfate with (left) no coballous chloride, av. daily gain, 1.34 lb. 
and (right) with cobaltous chloride, av. daily gain, 1.62 lb. 
The pigs having cobalt were not ready for market until 11 days 
later but required no more feed per unit of gain than those having the 
APF concentrate Number 3. They made more rapid gains and greater 
gains per unit of feed consumed than those having a part of the soy-
bean oil meal replaced with meat scraps. Further comparisons of 
rations containing soybean oi l meal or a mixture of soybean oil meal 
and meat scraps as the protein concentrate when they are fed with and 
without the addition of a minute quantity of cobalt will be of interest 
and are needed before conclusions concerning the worth of cobalt in 
the ration are warranted. 
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FISH MEAL AND MEAT SCRAPS COMPARED FOR FEEDING 
WITH SOYBEAN OIL MEAL 
Six experiments \\·ere conducted in which meat scraps and fish 
meal ·were compared for feeding with yellow corn, wybean oil meal. 
ground alfalfa, minerals, and irradiated yeast to pigs in dry loL Each 
was feel at the same rate as the soybean oil meal. Table 25 summarize~ 
the results of the six experiments. 
There was practically no difference in the average performance 
of the two groups. 1\Ieat scraps and fish meal were equally effective for 
feeding in combination with soybean oil meal to pigs in dry lot. Since 
Table 25.-Compari,on of Meat Scraps and Fish Meal for Feeding with Soybean Oil 
Meal to Pigs in Dry Lot. 
--
2 
Corn Corn 
Experiments conducted: Meat scraps Fish meal 
19!18 to 1946 Sovbean oil meal Soybean oil meal 
Ground alfalfa Ground alfalfa 
Minerals Minerals 
Number of comparisom 6 6 
Pigs at start 82 84 
Initial weight per pig. lb. 53.9 53.!1 
Pigs at close 75 81 
Final weight per pig. lb. 214.8 213.3 
Average daily gain, lb. 1.34 1.36 
Days to gain 160 pounds 120 118 
Daily feed per pig, lb.: 
Corn 4.24 4.29 
Meat Scraps .39 
:Fish meal .39 
Soybean oil meal .39 -~9 
Ground alfalfa .21 .22 
Minerah .08 .08 
Total !i.~l !i.37 
Feed per 100 lb. gain, lb.: 
Corn 316.10 315.7.~ 
Meat Scraps 29.19 
Fish meal 28.77 
Soybean oil meal 29.19 28.77 
Ground alfalfa ]!).85 15.80 
Minerals 5.8.5 5.90 
Total 396.18 394.99 
Cost of feed per 100 lb. gain $10 .. ~3 $10.54 
Total pig days, Lots I and 2, 9282 and 9632, respective!}· 
Total gain, Lots I and 2, 12,451.5 and 13,087.833 pounds, respectively. 
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fish meal contains more lysine than meat 'Scraps, these re~ults are a 
further indication that soybean oil meal is not deficient in lysine. 
SOYBEAN OIL MEAL AND LINSEED MEAL COMPARED 
FOR FEEDING WITH MEAT SCRAPS 
Six experiments were also conducted in which linseed meal and 
good quality soybean oil meal were compared for feeding with corn, 
meat scraps, ground alfalfa, minerals, and irradiated yeast to pigs in 
dry lot. Both the linseed meal and the soybean oil meal were fed at 
the same rate as the meat scraps. Table 26 summarizes the ~ix experi-
ments. 
Table 26.-Comparison of Lin;eed Meal and Soybean Oil Meal for Feeding with 
Meat Scraps to Pigs in Dry Lot. 
Experiments conducted: 
1938 to 1945 
Number of comparisons 
Pigs at start 
Initial weight per pig, lb. 
Pigs at close 
Final weight per pig, lb. 
Average daily gain, lb. 
Days to gain 160 pounds 
Daily feed per pig, lb.: 
Corn 
Linseed meal 
Soybean oil meal 
Meat scraps 
Ground alfalfa 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Linseed meal 
Soybean oil meal 
Meat scraps 
Ground alfalfa 
Minerals 
Total 
Cost of feed per 100 lb. gain 
Corn 
Linseed meal 
Meat scraps 
Ground alfalfa 
Minerals 
6 
85 
52.6 
81 
207.2 
1.40 
[ 15 
4.32 
.44 
.44 
.22 
.OR 
5.50 
309.33 
31.72 
31.72 
15.60 
!).40 
393.77 
$10.45 
Total pig days, Lots I and 2, 9Il4 and 9527, respectively. 
2 
Corn 
Soybean oil meal 
Meat scrap~ 
Ground alfalfa 
Minerals 
6 
83 
!>3.5 
78 
211.0 
1.31 
123 
4.1-l 
.3R 
.:lR 
.20 
.07 
5.17 
316.04 
28.83 
28.83 
15.67 
5.72 
395.09 
$10.49 
Total gain, Lots I and 2, 12,736.167 and 12,467.5 pound~, respectively. 
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The pigs having soybean oil meal ate 6.0 percent less teed daily a 
head, gained 6.4 percent less rapidly and were not ready for market 
until 8 days later, on the average, than were those fed linseed meal. 
Possibly the ration containing ~oybean oil meal was deficient in the so-
called animal protein factor. There was a difference of only 0.34 percent 
in the average amount& of feed required per unit of gain by the pigs 
having limeed meal and by tho<>e having· ~oybean oil meal in com-
bination with meat scraps. 
SOYBEAN OIL MEAL FOR PIGS ON PASTURE 
Except for those in which raw and cooked soybeans were compared 
with soybean oil meal for pigs on pasture, the experiments reported 
thus far have dealt with feeding soybean oil meal to pigs in dry lot. 
Since a large ~hare of the pigs produced annually in the United States 
are fed on pasture, data on the worth of soybean oil meal as a protein 
concentrate for pigs on pasture are also of interest. 
Fed as Only Protein Concentrate 
Table 27 ~ummarizes ~ix experiments in which 60 percent protein 
meat scraps or dry rendered tankage and soybean oil meal were com-
pared for feeding with corn and minerals to pigs on pasture. The 
pastures used were three of Dwarf Essex rape and three of a mixture of 
alfalfa and medium red clover from which an early cutting had first 
been removed. 
In each experiment the shelled corn was ground. It and the high 
protein feed and the minerals were mixed in proportions giving ap-
proximately the same amounts of total protein and minerals in the 
rations regardless of the particular protein concentrate used. In two of 
the experiments the pigs were full fed or given all the feed they would 
take readily twice daily. In the others they were self fed. Good quality 
expeller soybean oil meal was used in five and toasted solvent extracted 
soybean oil meal in one of the experiments. The toasted solvent ex-
tracted soybean oil meal made up 21.54 percent of the total amount 
fed in the six experiments. The expeller meal was sold to contain 41, 
and the extracted meal, 44 percent of protein. This would give the 
soybean oil meal used an average protein content of approximately 
41.6 percent. 
When soybean oil meal is properly made it is very palatable to 
pigs. The pigs fed the rations containing soybean oil meal ate 8.9 
percent more feed daily a head, gained 6.4 percent more rapidly, and 
were ready for market 7 days earlier, on the average, but required 2.4 
percent more feed per unit of gain than those having the rations con-
taining 60 percent protein meat scraps or dry rendered tankage. 
64 
Table 27.-Meat StTap• and SO) bean Oil Meal ao Protein Concentrates {ot· Pig• on 
Pasture. 
Experiment' conducted: 
1919 to 19·!3 
:-lumber of experiment> 
Pig' at 'tart 
Initial weight per pig. lb. 
Pigs at close 
Final weight per pig. lb. 
Average daily gain, lb. 
Davs to gain 160 pounds 
Daily feed per pig, lb.: 
Corn 
Meat scrap• 
Soybean oil meal 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Meat scraps 
Soybean oil meal 
Minerals 
Total 
Cost of feed per 100 lb. gain 
Cost of feed and pasture per 
100 pounds of gain 
(:orn 
Meat s<Taps 
:1-finerah 
6 
94 
:.~ •. 1 
fl9 
209.6 
1.34 
120 
4.47 
.38 
.Oi 
4.()2 
:133.2:\ 
28.0i 
5.41 
366.i0 
'ti 9 .. )6 
$1!.05 
Corn 
Soybean oil meal* 
l'lfinerab 
6 
9:> 
~.4.\1 
9:\ 
212.4 
1.43 
I I:l 
(.,, 
. '~ 
.12 
:,.:\!; 
13.48 
8.31 
3/:;.34 
!J\ 9A:l 
:j,l0.83 
" Toasted ~olvent extracted soybean oil meal was used in one and good quality 
expeller soybean oil meal in the other five experiments. The toasted solvent 
extracted soybean oil meal made up 21.:>4 percent of the total amount fed in the 
six experiments. 
Total pig days, Lots I and 2. 10.416 and 10,332. 1·espccti\el}. Total gain, Lots J 
and 2, 13,982.833 and 14,7:>7.833 poumb, respccti\ el). 
As determined from the prices used for them and the amounts of 
the other feeds replaced per unit of gain by it, the soybean oil meal 
showed a value 71.2 percent that of an equal weight of the 60 percent 
protein meat scraps or dry rendered tankage. Thus, for feeding on 
good pasture, and when it was fortified with a sufficient amount of 
minerals to make the total mineral content of the rations the same, 
soybean oil meal gave fully as good results and proved to be worth 
as much per pound of protein contained as 60 percent protein meat 
scraps or dry rendered tankage. 
Possibly the significance of the pasture being good in enabling 
such favorable results to be obtained from the use of soybean oil meal 
as a high protein feed should be stressed. Good pasture is succulent, 
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and contains an ample amount ol tender, palatable, new growth. Such 
pasture is comiderably higher in protein than are the grains, contains 
proteins oi good quality, is rich in minerals, particularly calcium, and 
is an excellent source ol vitamins, especially the water soluble vitamins 
or those ol the B complex. Other than ~odium chloride or common salt, 
which is easily supplied, calcium is the mineral element most likely 
to be needed in ration& commonly led to pigs. In the experiments pre-
viously reported, materials rich in vitamim oi the B complex were 
shown to be beneficial with rations ol yellow corn, ground alfalfa, 
minerals, irradiated yea&t, and soybean oil meal. Good pasture tends to 
Table 28.-Meat Scraps, Soybean Oil Meal and Mixture of Soybean Oil Meal and 
Cottonseed Meal as Protein Concentrates for Pigs on Pasture. 
Experuncnt'> conducted: 
1940, 1941 and 1942 
l·eed' mi;.ed and ;elf fed 
Number ot expetiments 
Pigs at start 
Initial weight per pig, lb. 
Pigs at close 
Final weight per pig, lb. 
Average daily gain 
Days to gain 160 pounds 
Daily feed per pig, lb.: 
Corn 
Meat scraps 
Soybean oil meal 
Cottonseed meal 
Minetals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Meat scraps 
Soybean oil meal 
Cottonseed meal 
Minerals 
Total 
Cost of feed per 100 lb. gain 
Cost of feed and pasture 
per 100 pounds of gain 
C01n 
Meat scraps 
Minetals 
3 
59 
53.5 
55 
~07.2 
1.33 
121 
4.35 
AI 
.07 
4.83 
327.05 
30.28 
5.45 
362.78 
$ 9.53 
$11.03 
2 
C01n 
Soybean 
oil meal 
Minerals 
3 
60 
33.1 
59 
207.3 
1.40 
115 
4.49 
.66 
.13 
5.28 
32l.l5 
47.23 
9.22 
377.62 
$ 9.56 
$10.99 
3 
Corn 
Soybean oil meal 
Cottonseed meal 
Minerals 
3 
60 
33.6 
55 
214.3 
1.43 
ll2 
4.45 
.38 
.30 
.13 
5.26 
310.93 
26.46 
21.27 
8.96 
367.62 
$ 9.30 
$10.70 
Total pig days, Lots I, 2, and 3, 6461, 6559, and 6349, respectively. Total gain, Lots I, 
2, and 3, 8596.5, 9179.5, and 9091.667 pounds, respectively. 
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correct the deft< icncie:, that ma~ cxi,t in the non-carbonaccom portion 
oi the ration. On the other hand, the nutritional need~ ol pigo. on pom 
pa,ture would not be gt catly different !rom tho>e ol pig~ in dq lot. 
Fed With CQttonseed Meal 
ln three ol the ,il\. experiment:, in which 'oybean oil meal and tiO 
percent protein meat :,crap> ·were compared a:, high-protein leeds lor 
pig> on pasture, a third group wa:, led a mixture ol wybean oil meal 
and cotton,eed meal. The corn "·a:, ground and the ratiom were mixed 
:,o the total protein and total mineral> \\"el e approximately the same 
regardles& ol the high-protein ieed mecl. Sell leeding wa:, practiced. 
The amount oL protein in the ration 1va:, 1educed ±rom approximately 
14 to 12 percent when the pig, averaged 120 pounds in weight. Toa&ted 
solvent extracted soybean oil meal wa:, led in one and expeller soybean 
oil meal was ied in two ol the experiment'>. The cottomeed meal ied 
in one ol the test& wa& made by the hydraulic and in two by the expeller 
process. Although under the condition> and in the amount:, led, it 
was not expected to prove deleterious, in one ol the experiments, in 
order to overcome any possible toxic effect lrom the iree-gossypol it 
might contain, the cottomeed meal ·wa~ treated with a 5olution of 
len·ous suliate. The soybean oil meal and the cottomeed meal were 
led in 2: l ratio in one and in a l: l ratio in two ol the experiments. 
Table 28 shows the results secured 1rom the three supplements. 
There wa& little difference in the average performance ol the pigs 
ted soybean oil meal and ol those ied a mixture of soybean oil meal 
and cottonseed meal. The pigs ied the mixture took approximately 
the same amount oi leed daily a head, were ready ior market 3 days 
earlier, on the average, and required 2.6 percent less feed per unit oi 
gain than those led only soybean oil meal as a protein concentrate. 
Those ted the mixture ate more feed daily a head, gained 7.5 percent 
more rapidly, and required 1.3 percent more ieed per unit ol gain 
than those led 60 percent protein meat &craps. 
Fed With Linseed and Cottonseed Meal 
A mixture of soybean oil meal, cottonseed meal and linseed meal 
in a "1: 1: l ratio was compared with soybean oil meal and with 60 per-
cent protein meat scraps tor leeding with corn and minerals to pigs on 
pa:>ture in two experiments. The shelled corn was ground and the feeds 
were mixed so that each ration contained approximately the same per-
centage of total protein and total minerals. Sell feeding was practiced. 
In one of the experiments the pasture used was Dwarf Essex rape. In 
the other, it was a mixture ot alfaHa and medium red clover lrom 
which an early cutting had been removed. Table 29 summarizes the 
results of the two experiments. 
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The clift:erence~ in the ieed comumed daily a head, in the rapidity 
oi the gaim and in the feed required per unit oi gain by the pigs led 
~oybean oil meal and by those led the mixture were so small as to be 
negligible. All three groups required approximately the ~ame amount 
oi leed per 100 pounds of gain produced. 
The pigs feel the ~oybean oil meal and those fed the mixture ate a 
little more ieed daily a head and gained a little more rapidly so that 
they were ready for market ,1 days and 6 days earlier, respectively, than 
those fed the 60 percent protein meat scraps. 
Table 29.-Meat Scrap>, Soybean Oil Meal and Mixture of Three High-Protein Feeds 
from Plant Sources as Protein Concentrates for Pigs on Pasture. 
Experiments conducted: 
1942 and 1943 
Feeds mixed and ,elf fed 
Number of experiments 
Pigs at >tart 
Initial weight per pig, lb. 
Pigs at clo'e 
Final weight per pig, lb. 
Average daily gain, lb. 
Days to gain 160 pounds 
Daily feed per pig, lb.: 
Corn 
Meat scraps 
Soybean oil meal 
Cottonseed meal 
Lin~eccl meal 
Minerals 
Total 
Feed per 100 lb. gain, lb.: 
Corn 
Meat scraps 
Soybean oil meal 
Cottonseed meal 
Linseed meal 
Minerals 
Total 
Cost of feed per I 00 lb. gain 
Cost of feed and pasture 
per 100 pounds gain 
Corn 
Meat scraps 
Minerals 
2 
iO 
61.3 
39 
217.3 
1.39 
IIG 
4.63 
.40 
.08 
5.13 
335.10 
29 .. W 
6.02 
370.32 
~ 9.68 
$11.13 
2 
Corn 
Sovbean 
oil' meal 
Minerals 
2 
-to 
61.2 
39 
218.8 
1.44 
112 
4.57 
.66 
.13 
5.36 
317.67 
45.87 
9.22 
372.76 
$ 9.39 
$10.78 
3 
Corn 
Soybean oil meal 
Cottonseed meal 
Linseed meal 
Minerals 
2 
.j() 
62.0 
:39 
220.3 
1.46 
110 
4.59 
.47 
.12 
.12 
.13 
5.43 
313.94 
32.10 
8.02 
8.02 
9.17 
371.25 
$ 9.35 
$10.72 
Total pig days, Lots 1, 2, and 3, 4445, 4298, and 4263, respectively. Total gain, Lots 1, 
2, and 3, 6161.83:l, 6183.833, and 6232.5 pounds, respectively. 
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Fed With Both Animal and Plant Protein Concentrates 
In four pasture triab in which both ,,·ere fed with corn and 
minerals, pigs given a 'upplcment <Ontaining one to three high-protein 
feeds from animal sources and two or three high-protein feecb from 
plant sources were ready lor market only one day earlier. They required 
only 0.8 percent less feed per unit ol gain, on the average, than pigs 
given 60 percent protein meat scraps or tankage as a protein concentrate. 
In pasture experiments in which they were fed with <orn and 
minerals good quality soybean oil meal was practically as effective as 
mixtures of it and other plant protein concentrates. Good quality soy-
bean oil meal gave equally as good results as meat scraps or tankage. 
l\Ieat 'craps or tankage or a single high-protein feed from an animal 
'>Ource was practica11y as effective as a variety or mixture of high-protein 
feeds from both animal and plant sources. Thus the experiments indi-
cated that, for pigs on good pasture, the protein concentrate to use 
for the most economical re:,ults, a:, long· as it was a suitable one, was 
the one that supplied protein at the lowest cost per pound. 
SUMMARY AND CONCLUSIONS 
Experiments with soybean oil meal as a high-protein feed for pigs 
are reported. The report is a sequel to Bulletin ':1.52, Soybeans and 
Soybean Oil 1\feal for Pigs. 
The investigations reported cover 42 dry lot and 12 pasture ex~ 
periments that were conducted in the period from 1916 to 1950. They 
contained 291 groups and a total of 3,269 pigs. 
The objectives were to secure information on the relative values of 
soybean oil meal alone or in mixtures and other high-protein feeds and 
to find ways of increasing the effectiveness of soybean oil meal as a 
supplement to corn for pigs. 
Usually the pigs in the various groups were carried to a given 
average approximate final weight of from 200 to 220 pounds rather than 
for a given length of time. In most instances, ground shelled corn was 
fed and the rations were mixed to contain equivalent amounts of total 
protein regardless of what high-protein feed was used. Sufficient 
minerals were added to make the total mineral content of the rations 
approximately the same. As each group reached an approximate average 
weight of 120 pounds, the protein content of the ration was reduced. 
The pigs in the dry lot experiments were kept indoors. From 1926 
on, green, leafy, third-cutting, sun-cured, ground alfalfa commonly 
constituted from 4 to 5 percent of the dry lot rations. Starting in 1942, 
0.01 percent of irradiated yeast was used in the dry lot rations as a 
source of vitamin D. 
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Data on the worth of soybean oil meals made by the hydraulic, the 
expeller, and the solvent extraction process and by different techniques 
or procedures of manufacture were obtained. Different materials were 
tried with or were added to a corn, soybean oil meal, ground alfalfa, 
minerals, and irradiated yeast ration in efforts to improve it for dry 
lot feeding. 
Among the materials added were (l) oats or another grain, (2) 
cottonseed meal and a linseed and cottonseed meal mixture, or other 
high-protein feeds of plant origin, (3) a larger amount of ground alfalfa 
during the growing period, (4) legume silage, (5) methionine, (6) 
lysine, (7) high-protein feeds of animal origin, (8) dried brewers' yeast, 
(9) yeast grown in the wet feed, (10) condensed fish solubles, (ll) 
dried distillers' grain solubles, (12) the trace mineral cobalt, (13) a 
vitamin B12 supplement, and (14) a concentrate containing both 
vitamin B12 and residues of the antibiotic aureomycin. 
In the pasture trials, soybean oil meal was compared with mixtures 
and with other single protein concentrates for feeding with corn and 
minerals. 
In the pasture experiments reported, the corn was ground and the 
feeds were mixed, so that regardless of the protein concentrate used, 
the different rations contained approximately the same percentage of 
total protein and also the same percentage of total minerals. Usually 
ample green feed was available. Under these conditions, the following 
conclusions were drawn. 
Raw soybeans were unsatisfactory as a high-protein feed for pigs. 
Cooked soybeans were a satisfactory high-protein feed for pigs so 
far as production was concerned but, because of their richness in soften-
ing oil and the consequent danger of them producing soft pork if fed 
with corn in more than limited amounts, were not suitable for pigs 
intended for slaughter. 
Since a large share of the oil is removed in its manufacture, soybean 
oil meal was free from the objection of producing soft pork. 
Regardless of the method of manufacture, thorough cooking or 
toasting of soybean oil meal, during, preceding or following, the process 
of removing the oil was necessary before good results could be secured 
from its use as a feed for pigs. 
A ration of corn, soybean oil meal, five percent high quality alfalfa, 
irradiated yeast, and a simple mineral mixture of salt, limestone, bone 
meal, and ferrous sulphate was deficient in one or more respects for 
pigs in dry lot. 
Oats, cottonseed meal, or a mixture of linseed and cottonseed meal 
in the ration were slightly beneficial but did not overcome the de-
ficiency. 
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Third cutting, ground alfalfa, ol average or below average rather 
than of high quality, at a 15 percent level during the growing period 
and a five percent level thereafter gave no better results with a soybean 
oil meal ration than the same alfalfa at a five percent level for the 
entire time. 
Neither 0.2 percent of synthetic methionine nor 0.2 percent of 
synthetic lysine improved the ration. 
The ration was improved by the substitution of fi&h meal, tankage, 
or meat scraps for a part of the soybean oil meal. 
Including dried brewers' yeast, condensed fish solubles, or dried 
distillers' grain solubles, or adding water and growing yeast in the 
wet feed for 24 hours increased the effectiveness of the soybean oil meal 
ration. These supply water soluble or B-complex vitamins. Yeast and 
dried distillers' grain solubles, however, are low in vitamin B12• 
The use of a vitamin B12 supplement with the soybean oil meal 
ration definitely improved the appetite, the rate of growth, and the 
health of the pigs. 
A combination of a vitamin B12 supplement and dried distillers' 
grain solubles was superior to either alone or to meat scraps for feeding 
with corn, soybean oil meal, ground alfalfa, minerals, and irradiated 
yeast to pigs in dry lot. 
When each was fed with a soybean oil meal ration containing five 
percent of dried distillers' grain solubles, a vitamin Bt2 supplement 
produced faster gains but no greater gains per unit of feed than meat 
scraps. 
A further increase in the effectiveness of a soybean oil meal ration 
containing dried distillers' grain solubles was brought about by the 
use of a vitamin B12 and antibiotic supplement. 
Both the rapidity and the efficiency of the gains of pigs having the 
vitamin B12 and antibiotic supplement surpassed those of pigs having 
meat scraps. Each was fed in a ration that contained five percent of 
dried distillers' grain solubles. The meat scraps and soybean oil meal 
were fed at rates which supplied equivalent amounts of protein. 
In a single trial not warranting definite conclusions, cobalt was 
beneficial in the minerals when a ration of corn, dried distillers' grain 
solubles, soybean oil meal, alfalfa, minerals, and irradiated yeast was 
fed. The pigs having cobalt made as much gain per unit of feed but 
not as rapid gains as pigs on a similar ration without cobalt but with 
a vitamin B12 and antibiotic supplement. 
When salt, limestone, bone meal, and ferrous sulphate were in-
cluded in the ration, good quality soybean oil meal was as effective a 
supplement to corn for pigs on good pasture as meat scraps, tankage, 
or mixtures of high-protein feeds. 
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